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Hr  H  E  connexion  of  aftronomy  with  geo-  | 

graphy  is  fo  evident,  and  both  in  con¬ 
junction  fo  neceffary  to  a  liberal  education, 
that  no  man  will  be  thought  to  have  deferved  ill 
of  the  republic  of  letters,  who  has  applied  his 
endeavours  to  diffufe  more  univerfally  the  know¬ 
ledge  of  thefe  ufeful  fcicnces,  or  to  render  the 
attainment  of  them  eafier ;  for  as  no  branch  of 
literature  can  be  fully  comprehended  without 
them,  fo  there  is  none  which  irnprefs  more 
pleafing  ideas  on  the  mind,  or  that  afford  it  a 
more  rational  entertainment. 

The  fifth  edition  of  my  father’s  treatife  on  the 
globes  being  out  of  print,  1  was  folicited  to  re¬ 
print  it.  To  obviate  feveral  objections  to  the 
form  in  which  he  had  difpofed  the  problems,  1 
was  induced  to  undertake  the  prefent  work,  in 
which  they  are  arranged  in  a  more  methodical 
manner,  and  a  great  number  added  to  them. 

Such  fails  arc  alfo  occalionally  introduced,  fuch 
obfervations  interfperfed,  and  fuch  relative  in¬ 
formation  communicated,  as  it  is  prefumed  w  ill 
excite  curiofity,  and  fix  attention. 

Having  proceeded  fo  far  in  this  work,  I 
lound  that  it  was  eafy  to  render  it  fubfervient  to 
a  2  my 
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iny  plan  of  publifhing,  from  time  to  time, 

«  Essays,  describing  the  Use  of  Mathe¬ 
matical  AND  PHILOSOIIPICAL  INSTRUMENTS:” 
for  the  defcription  of  thofe  which  have  been  con¬ 
trived  to  fmooth  the  path  to  the  fcience  of 
aftronomy,  or  to  facilitate  the  pra&ice  of  the  arts 
depending  on  it,  could  no  where  be  introduced 
with  fo  much  propriety,  as  in  a  work  which 
treated  of  it's  elementary  principles. 

To  further  this  dcfign,  it  was  neccflary  to 
prefix  an  introduction  to  aftronomy.  This  is 
divided  into  three  parts.  In  the  firit,  the  pupil 
is  fuppofed  to  be  placed  in  the  fun,  the  center  of 
the  folar  fyftem;  from  this  fituation  he  confiders 
the  motion  of  the  heavenly  holt,  and  finds  that 
all  is  regular  and  harmonious.  In  the  fccond 
part,  his  attention  is  directed  to  the  appearances 
of  the  planetary  bodies,  as  obferved  from  the 
earth.  It  w'ere  to  be  withed  that  the  tutor  would 
at  this  part  exhibit  to  his  pupil  the  various  phae- 
nomena  in  the  heavens  themfelves;  by  teaching 
him  thus  to  obferve  for  himfelf,  he  would  not 
only  raife  his  curiofity,  but  fo  fix  the  imprefiions 
which  the  objects  have  made  on  his  mind,  that  by 
proper  cultivation  they  would  prove  a  fruitful 
fource of ufeful  employment;  and  he  would  there¬ 
by  alfo  gratify  that  eager  defire  after  novelty, 
which  continually  animates  young  minds,  and 
furnifh  them  with  obje&s  on  which  to  exercife 
their  natural  aftivity.  In  the  third  part  of  this 

intro- 
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trodu&ion,  the  received,  or  Copernican  fyftem 
is  explained;  by  this  fyftem,  the  various  phe¬ 
nomena  of  the  heavens  are  rationally  accounted 
for;  it  (hews  us  how  to  reconcile  the  real  flate  of 
things,  with  the  fallacies  arifing  from  the  fenfes; 
and  teaches  us  that  the  irregularities  obfervable  in 
the  motion  of  the  heavenly  bodies,  are  for  the 
molt  part  to  be  attributed  to  the  fituation  from 
which  they  are  obferved.  Aftronomy,  in  com¬ 
mon  with  other  branches  of  the  mathematics, 
while  it  ftrengthens  the  powers  of  the  mind,  re¬ 
ft  rains  it  from  ralh  prefumption,  and  difpofes  it 
to  a  rational  aflent. 

The  principles  of  the  Copernican  fyftem  are 
further  elucidated  in  the  third  cflay;  in  which, 
various  planetariums,  lunariums,  and  tellurians, 
are  defcribed.  Thefe  inftruments,  though  lefs 
complicated  in  their  conftrudtion,  and  lefs  ex- 
penfive  to  the  purchafer,  than  thofe  large  ones 
heretofore  made  for  the  fame  purpofe,  are  equal¬ 
ly,  perhaps  better,  adapted  to  explain  the  general 
principles  of  aftronomy.  In  defcribing  them,  it 
was  neceftary  to  re-coniider  many  fubjcdls  which 
had  been  previoufly  treated;  but  as  they  are  here 
placed  in  another  point  of  view,  prefented  to  the 
mind  under  a  different  form,  are  generally 
defcribed  in  other  words,  and  often  with  the  ad¬ 
dition  of  new  matter,  it  is  hoped  that  thefe  re¬ 
petitions,  fo  far  from  being  an  objefl  of  com¬ 
plaint,  will  be  found  to  contribute  to  the  main 
a  3  intention 
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intention  of  this  work,  by  conveying  further  in- 
ftruftion.  fixing  it  more  deeply  in  the  mind, 

and  rendering  that  obvious,  which  before  might 

be  found  difficult. 

One  part  Hill  feemed  wanting  to  an  intro- 
dutfory  treatife  on  aftronomy,  fomething  that 
would  gently  lead  the  pupil  to  a  knowledge  of 
the  pradical  part  of  this  fcience,  a  branch  of 
adronomy  to  which  we  are  indebted  for  our  pre- 
fent  knowledge  of  the  heavens,  by  which  geo¬ 
graphy  has  been  improved,  and  by  which  the 
pafiage  of  (hips  over  the  tracklefs  ocean  is  facili¬ 
tated. 

There  is  no  part  of  mathematical  fcience  more 
fimple  and  eafy,  than  the  meafurement  of  the 
relative  politicos  and  dtfianccs  of  lnacceffible 
objeas.  Yet  to  the  uninftrueted,  to  determine 
the  difiance  of  a  fhip  on  the  ocean,  to  afeertain 
the  height  of  the  clouds  and  meteors  that  float  in 
the  atmofphere,  to  fix  the  latitude  and  longitude 
of  places,  &c.  are  problems  that  have  ever  ap¬ 
peared  to  be  above  the  reach  of  human  art;  they 
are,  therefore,  particularly  calculated  to  engage 
the  at  tention  of  young  minds,  and  may  be  ufed 
to  encourage  diligence,  and  reward  application. 

To  introduce  the  pupil  to  this  branch  of  afiro- 
Tiomy,  I  have  dd'rlbed  three  inflruments,  each 
of  which  is  fimple  in  it’s  conflru&ion;  and  two 
of  them  of  final  I  expence.  By  thefe  he  may 
find  the  difiance  of  any  inacceffiblc  objetf,  the 
2  height 
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height  of  a  fpire,  a  mountain,  or  any  other  eleva¬ 
tion,  learn  to  plot  a  field,  afcertain  the  altitude  of 
a  cloud,  a  fire-ball,  or  any  other  meteor,  deter¬ 
mine  with  accuracy  the  hour  of  the  day,  the 
latitude  or  longitude  of  a  place,  with  many  other 
curious  problems.  In  the  feledtion  of  thefe,  I 
have  to  acknowledge  the  afliftance  I  received  from 
a  very  ingenious  friend. 

I  had  intended  to  fubjoin  to  this  preface  a  lift 
of  aftronomical  authors,  that  the  reader  might 
know  as  well  where  to  apply  for  further  informa¬ 
tion,  as  the  fources  from  whence  I  obtained  my 
knowledge  of  this  fubjett.  But  the  work  has 
fwelled  fo  much  beyond  my  cxpe&ations,  that  I 
am  conftrained  to  lay  afide  this  defign. 
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PART  I. 

\/TANKlND  have  in  all  ages  been  defirous 
of  forming  rational  conceptions  of  the 
nature  and  motion  of  thofe  bodies  that  appear  in 
the  vaft  concave  above  their  heads.  Amidft  the 
infinite  variety  of  objeds  which  furround  them 
on  every  fide,  the  heavenly  bodies  muft  have 
been  amongft  thofe  which  firft  attraded  their 
attention.  They  are  of  all  objeds  the  mod  con- 

■fpicuous,  the  rnoft  important,  and  the  moil 
beautiful. 

Aftronomy  inftruds  us  in  the  laws,  or  rules, 
that  govern  and  dired  the  motions  of  the  hea¬ 
venly  hofi.  It  weighs  and  confiders  the  powers 
y  vv  hich  they  circulate  in  their  orbs.  It  ena¬ 
bles  us  to  difeover  their  fize,  determine  their 
A  difiance, 
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diftancc,  explain  their  various  phenomena,  and 
corredt  the  fallacies  of  the  fenfes  by  the  light  of 
truth. 

Aftronomy  is  not  merely  a  fpeculativc  fcience; 
it’s  ufe  is  as  extenfive,  as  it’s  refearches  are  fub- 
lime.  Navigation  owns  it  for  it’s  guide :  by  it 
commerce  has  been  extended,  and  geography 
improved;  arrd  thus  it  has  co-operatcd  with 
other  caufes  in  the  greateft  of  all  works,  the 
diffufion  of  knowledge,  and  the  civilization  of 
man. 

As  in  order  to  attain  an  accurate  idea  of  any 
piece  of  mechanifm,  it  is  beft  to  begin  our  in- 
veftigatiarls  by  an  examination  of  rllofc  parts 
which  give  motion  to  th  reft,  the  primary 
caufes  of  thofe  eftedls  for  w  hich  the  machine 
was  made;  fo  the  young  pupil  will  more  eafily 
gain  a  juft  idea  of  the  motion  o  the  heavenly 
bodies,  by  coniine;  mg  them  as  fe<  \  from  the  fun, 
the  center  of  our  fyftem,  and  the  principal  agent 
ufed  by  the  Lord  of  nature,  for  conducting  and 
regulating  the  planetary  fyftem. 

It  will  not  be  difficult,  aftcrthis,  to  inform  him 
how  thofe  appearances  are  to  be  accounted  for, 
that  arife  from  his  particular  ft tuation;  by  which 
he  is  forced  to  conftder  the  heavens  from  a  point 
which  is  not  in  the  center  of  the  fyftem,  and  is 
confequently  the  fource  of  many  apparent  irre¬ 
gularities.  This  knowledge  attained,  it  will 
then  be  eafy  to  prove  to  him,  that  the  real  and 

apparent 
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apparent  motions  of  the  heavenly  bodies  are 
frequently  the  reverfe  of  each  other.  For  being 
hy  this  means  put  into  pofieflion  of  the  univerfals 
of  this  fcience,  the  knowledge  of  particulars 
will  be  rendered  facile  and  clear. 

Of  the  Solar  System,  as  seen  by  a  Spec¬ 
tator,  SUPFOSED  TO  BE  PLACED  IN  THE 

Sun. 

As  the  center  of  the  fyftem  is  the  only  place 
from  which  the  motion  of  the  planets  can  be 
truly  fecn,  let  us  fuppofe  an  observer  placed 
in  the  center  of  the  fun.  In  this  fituation  he 
will  fee  at  one  view  all  the  heavens,  which  will 
appear  to.  him  perfectly  fpherical,  the  ftars  being 
o  many  lucid  points  in  the  concave  furface  of 

Vphcrc  whofe  center  is  the  Tun;  or,  in  the 
prefent  mftance,  the  eye  of  the  obferver. 

Our  fpe&ator  will  not,  however,  immediately 
conclude  from  appearances,  either  that  the  hea¬ 
vens  are  really  fpherical,  or  that  the  fun  is  in 
t  ie  center  of  that  fphere,  or  that  the  ftars  are 
all  at  an  equal  diftancc  from  him,  having  been 
Previously  taught  by  experience  and  obfervation, 
that  while  he  remains  in  the  fame  place,  he 
cannot  judge  properly  of  the  diftance  of  fur- 
round  ing  objects,  at  leaft  of  thofe  which  arc 
p  ace  eyond  the  ordinary  reach  of  his  view;  for 
-  e)ond  that  diftance,  all  the  principles  by  which 
form  our  general  judgment  fail  us;  and  we 
A  2  can 


4 


astronomical  essays. 


can  only  tell  which  is  ncareft,  or  which  is  fur- 
theft,  either  by  our  own  motion,  or  that  of  the 
objects. 

To  illuftrate  this,  let  us  fuppofc  a  number  of 
lamps,  to  be  placed  irregularly,  at  different 
diftanccs  from  the  eye,  in  a  dark  night.  Now 
if  in  this  cafe  we  fuppofe  the  darknefs  to  be  fo 
complete,  that  no  intermediate  objedts  could  be 
feen,  no  difference  in  colour  difeerned,  nor  any 
perception  of  a  convergence  towards  the  point  of 
fight,  our  judgment  could  not  aftift  us  in  diftin- 
guifhing  the  diftance  of  one  Irom  the  other,  and 
they  would  therefore  all  feem  to  be  at  an  equal 
diftance  from  the  fpedhitor. 

For  the  fame  reafon,  the  fun  and  moon,  the 
ftars  and  planets,  appear  to  be  all  at  an  equal 
diftance  from  us;  though  it  is  highly  probable, 
that  lome  of  the  ftars  arc  many  millions  of  times 
nearer  to  us  than  others.  The  fun  is  demonftra- 
ted  to  be  nearer  than  any  of  the  ftars.  The 
moon  and  forne  of  the  planets  are  known  by 
ocular  proof  to  b^  nearer  to  us  than  the  fun, 
becaufe  they  fonietimes  come  between  it  and 
our  eye,  and  hide  the  whole,  or  a  great  part  of 
his  aiik,  from  our  view.  They  all,  however, 
appear  equally  diftant,  and  as  if  placed  in  the 
furface  of  a  fphere,  whereof  our  eye  is  the 
center.  In  whatever  place,  therefore,  the  fpec- 
tator  refidcs,  whether  it  be  on  this  earth,  in  the 
fun,  or  in  the  regions  of  Saturn,  he  will  confider 
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that  'place  as  the  middle  point  of  the  univerfe, 
and  the  center  of  the  world  j  for  it  will  be  to 
him  the  center  of  a  fpherical  fur  face,  in  which 
all  diftant  bodies  appear  to  be  placed. 

Here  the  tutor  will  find  his  advantage  in 
illuftrating  this  fubjed  by  aclual  experiments  on 
real  objeds,  and  thus  extending  the  ideas  of  his 
pupil.  Young  people  ffiould  be  taught  to  gain 
as  much  information  as  poffible  from  fcnfible 
images ;  by  thefe  their  mind  would  be  gradually 
led  to  feel  it’s  powers,  and  foon  learn  to  corred 
thofe  errors  which  are  induced  into  it  by  appear¬ 
ances,  derived  only  from  the  fenfes.  No  man 
can  at  once  convey  light  in  the  higher  fubjeds  to 
another  man’s  undemanding.  It  muft  come 
into  the  mind  from  it’s  own  motions,  within 
C!f ;  and  thc  grand  art  of  philofophy  and  edu¬ 
cation,  is  to  Id  the  mind  in  adion,  and  even 
when  we  think  nothing  of  it,  to  affift  it  in  it’s 
labour.* 

Thefe  things  being  rendered  plain,  the  pupil 
may  proceed  to  coniider  the  obfervations  of  the 
folar  fpcctator;  to  w  hom,  as  we  have  already 
obferved,  the  heavens  will  appear  as  the  furface 
o  a  concave  fpherc,  concentrical  to  his  eye:  in 
is  furface  he  willdifcover  an  innumerable  holt 
o  xcd  liars,  which  will  for  fome  time  engage 
is  attention,  before  he  difeovers  that  they  may 
A  3  be 
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be  diftingmihcd  into  two  kinds;  the  one  dif- 
perfed  through  the  whole  heavens,  differing  i  n 
their  degree  of  brightnefs,  but  remaining  always 
at  the  fame  relative  diftance  from  each  other. 
Thefe  he  will  therefore  call  fixed  stars,  or  only 
stars.  Befides  thefe,  he  will  find  fome  others 
moving  among  the  foregoing  with  different 
velocities,  which  he  will  call  w  andering  stars, 

or  PLANETS. 

Here,  however,  it  may  be  proper  to  obferve, 
that  what  we  call  the  fky,  in  which  the  heavenly 
bodies  feem  as  it  were  to  be  fixed,  is  no  real 
fubftance.  If  there  was  no  atmofphere  furround¬ 
ing  our  earth,  whofe  particles  might  refledt  other 
rays  of  light  to  our  eyes,  than  thofe  which  come 
diredtly  from  the  fun,  all  parts  of  the  heavens, 
even  at  mid-day,  would  be  dark,  and  the  ftars 
be  vrfible  at  nocn.  But  as  our  atmofphere 
abounds  with  particles  capable  of  reflecting  light 
every  way,  fome  of  it  will  fall  upon  our  eyes 
whitherfoever  they  are  directed;  from  the  nature 
of  this  reflection,  we  receive  the  idea  of  colour, 
and  the  mind  immediately  imagines  a  fubftance 
wherein  it  may  refide;  in  the  fame  manner,  the 
regular  reflection  ot  light  from  an  objedl  in  a 
looking  glafs,  is  combined  by  the  mind  into  an 
image  of  that  objedti  Mr.  de  Sauffure,  when  on 
the  top  of  Mount  Blanc,  in  Savoy,  a  mountain 
which  is  elevated  15673  feet  perpendicularly 
above  the  fca,  and  where  confequently  the  anno- 
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fphere  muft  be  much  rarer  than  our’s,  fays,  that 
the  moon  fhone  with  the  Wightelt  fplendor  in 
the  midft  of  a  fky  as  black  as  ebony ;  while  Jupi¬ 
ter,  rayed  like  the  fun,  rofe  from  behind  the 
mountains  in  the  eaft.* 

Of  the  Celestial  Signs  and  Constellations. 

Having  proceeded  thus  tar,  our  fpedtator  will 
endeavour  to  find  out  fome  method  of  difiin- 
guilhing  the  ftars  from  each  other ;  concluding, 
that  as  they  do  not  change  their  relative  pofitions 
one  to  the  other,  he  may  make  an  exadt  defcrip- 
tion  of  them,  and  by  repeated  obfervations 
determine  the  pofition  and  order  which  fubfifts 
among  them. 

That  he  may  avoid  confufion  in  defcription, 
and  be  able  to  point  out  any  particular  ftar,  with¬ 
out  being  obliged  to  give  a  name  to  each,  he  will 
divide  them  into  feveral  parcels;  to  each  of  thefe 
parcels  he  will  afiign  a  figure  at  pleafure;  thefe 
aflemblages,  or  groupes  of  ftars,  he  will  call 
constellations.  Thus  a  number  of  ftars  near 
the  north  pole  is  called  the  bear,  because  the 
ftars  which  compofe  it  are  at  fuch  diftances  from 
each  other,  that  they  may  fall  within  the  figure 
of  a  bear.  Another  conftellation  is  called  the 
ftup,  becaufe  that  coiled! ion  of  ftars  which  com¬ 
pofe  it,  is  reprefented  upon  a  celeftial  globe 
A  4  as 

*  Appendix  to  vol,  74,  Monthly  Review. 
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as  comprized  within  fome  part  of  the  figure  of 
alhip. 

The  divifion  of  the  ftars  into  conftellations  is 
of  the  higheft  antiquity ;  there  are  no  books  fo 
ancient,  in  which  the  heavens  are  at  ail  cojiii- 
dered,  but  we  find  them  treated  of  as  diftin- 
guifhed  into  conftellations;  Hefiod  and  Homer 
mention  feveral  by  names  that  are  now  known, 
and  we  find  Job  fpeaking  of  Orion  and  the 
Pleiades.  It  was  not  from  ignorance  that  the 
moft  ancient  people  affigned  them  the  names  ot 
men  and  beafts ;  they  had  in  many  things,  reafong 
which  are  not  common  to  us,  and  it  was  fo  in 
this ;  and  thole  who  attend  to  the  ufe  and  appli¬ 
cation  of  the  images  drawn  from  natural  objetfs 
in  the  feriptures,  will  not  find  it  difficult  to  de^ 
cypher  the  hieroglyphic  language  of  the  heavens, 
and  they  will  alfo  find  it  a  pleafing  fourcc  of 
rational  entertainment. 

As  the  fixed  ftars  will  appear  to  our  obferver  of 
different  degrees  of  magnitude  and  fplendor,  he 
will  divide  them  into  fix  different  daffies.  Thofe 
which  feem  the  largeft  and  brighteft,  he  will  call 
ftars  of  the  firft  magnitude ;  the  fmalleft  that  wc 
can  fee  with  the  naked  eye,  are  called  ftars  of  the 
fixth  magnitude;  and  the  intermediate  ones,  ac¬ 
cording  to  their  different  apparent  fizes,  he  will 
call  of  the  fecond,  third,  fourth,  or  fifth  mag¬ 
nitudes.  Thofe  ftars  which  cannot  be  feen 
without  the  afiiftance  of  a  telefcope,  are  not 

reckoned 
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reckoned  in  any  of  thefe  ckfles,  and  are  called 
telescopic  stars. 

By  a  knowledge  of  the  fixed  ftars  and  their 
pofitions,  our  oblerver  will  obtain  fo  many  fixed 
points,  by  wfiich  he  may  obferve  the  motions  of 
the  planets;  and  the  relation  of  thefe  motions  to 
each  other,  he  will  ufe  them  as  fo  many  land¬ 
marks  (if  the  word  may  be  allowed)  by  which 
the  lituations  of  other  celeftial  bodies  may  be 
afcertained,  and  the  varieties  to  which  they  are 
fubjed  be  obferved.  For  from  the  fame  place, 
the  motions  of  the  heavenly  bodies  can  only  be 
eftimated  by  the  angle  formed  at  the  fpedator  s 
eye  by  the  fpace  which  the  moving  body  paffes 
over.  1  r 


1o  meafure  thefe  fpaces,  the  ftars  molt  be 
Ufed,  and  conlidered  as  fo  many  luminous  points 
fixed  m  the  concavity  of  a  fphere,  whole  radius 
is  indefinite,  and  of  which  the  obfcrver's  eye  is  the 
center.  We  may  learn  from  hence  the  necelfity 
of  forming  an  cxaift  catalogue  of  the  ftars,  and 
of  determining  their  pofitions  with  accuracy  and 
care.  With  fuch  a  catalogue,  the  feience  of 
aftronomy  begins. 

Although  to  thofe  who  are  unacquainted  with 
.natUre  °*  cc^eBial  obfervation,  it  might  at 
lirlt  fight  appear  almoft  impoffible  to  number  the 
ars ,  yet  their  relative  fituations  have  been  fo 
caiefully  obferved  by  aftronomers,  that  they  have 
not  only  been  numbered,  but  even  their  places 
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in  the  heavens  have  been  afcertained  with  greater 
accuracy,  than  the  relative  fituation  of  molt 
places  on  the  furface  of  the  earth. 

The  greateft  number  of  liars  that  are  vifible  to 
the  naked  eye,  are  tobe  fecn  on  a  winter’s  night, 
when  the  air  is  clear,  and  no  moon  appears.  But 
even  then  a  good  eye  can  fcarce  diftinguilh  more 
than  one  thoufand  at  a  time  in  the  vifible  hcmi- 
fphcre  ••  for  though  on  fuch  a  night  they  appear 
to  be  almoft  innumerable,  this,  appearance  is  a 
deception,  that  arifes  from  our  viewing  them  in  a 
tranfient  and  confufed  manner  ;  whereas,  if  we 
view  them  diftinaly,  and  only  confidcr  a  fmall 
portion  of  the  heavens  at  a  time,  and  after  fomc 
attention  to  the  fituation  of  the  remarkable  ftars 
contained  in  that  portion,  begin  to  count,  we 
ftiall  be  furprized  at  the  fmallnefs  of  their  num¬ 
ber,  and  the  eafe  with  which  they  may  be  enu- 
merated, 

Hipparchus,  the  Rhodian,  about  an  hundred 
and  twenty  years  before  the  birth  of  Chrift,  was 
the  firft  among  the  Greeks  who  reduced  the  ftars 
into  a  catalogue ;  daring,  according  to  Pliny, 
«  to  undertake  a  thing,  which  feemed  to  furpafs 
the  power  of  a  divinity ;  that  is,  to  number  the 
ftars  for  poftcrity,  and  to  reduce  them  into  order ; 
having  contrived  inftruments,  by  which  he 
marked  the  place  and  magnitude  of  each  ftar. 
So  that  by  thefe  means  we  can  eafily  difeover, 
nor  only  whether  any  of  the  ftars  perifti,  and 

others 
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others  grow  up,  but  u;*o  whether  they  move,  and 
if  fo,  the  dircc  >0^  of  their  motion,  whether  they 
increafe  or  diminifh  :  thus  putting  pofterity  in 
poiFeffion,  as  it  were,  of  the  heavens.”  His  cata- 
logue,  firft  adopted  by  Ptolemy,  contained  only 
1026  ftars.  Since  that  time  the  lift  has  been 
conliderably  augmented,  and  is  daily  receiving 
frefu  mcreafe,  by  the  improvement  of  tele¬ 
scopes. 

S^ver  *  aft  ronomers  have  followed  Hipparchus 
in  the  fame  arduous  undertaking.  In  1603,  J. 
Bayer  publiftied  celeftial  charts  of  all  the  known 
conftellations,  and  of  the  vifible  ftars  of  which 
>they  are  compofed.  In  thefe  charts  every  ftar  is 
d  gunned  by  a  letter.  The  largcft  ftar  in  the 
conftcllation  is  marked  with  the  firft  letter  of  the 

rC?  ,a  phabet  »  the  next  in  apparent  fize  is 
marked  with  the  fecond  letter,  and  fo  on.  If 
there  are  more  ftars  in  the  conftellation  than  there 
are  letters  in  the  Greek  alphabet,  he  marks  the 
remainder  with  the  letters  of  the  Roman  alphabet. 
VV  hen  a  ftar  is  mentioned  with  the  letters  of  the 
ijk  or  Roman  alphabet,  it  is  always  with  the 
additional  name  of  the  conftellation  to  which  it 
°ngs  >  and  thus  to  thofe  who  are  acquainted 
e  figures  of  the  conftellations,  and  with 
.  cata^°guc  of  fixed  ftars,  it  becomes  as  deter- 
ate  a  denomination,  as  if  the  ftar  was  called  by 
a  proper  name,  and  the  famepurpofe  is  anfwered 

io 
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in  a  more  familiar  manner,  and  with  lefts  burthen 
upon  the  memory.  Among  the  various  cata¬ 
logues,  the  mod  copious  and  as  generally  efteem- 
ed  the  belt,  is  that  called  Hiftoria  Coeleftis,  of 
our  countryman,  Flamfteed. 

The  number  of  the  ancient  conftellations  was 
48  ;  in  thefe  were  included  1022  ftars.  Many 
conftellations  have  been  added  by  modern  aftro- 
nomers;  fo  that  the  catalogues  of  Flamfteed  and 
De  laCaille,  when  added  together,  are  found  to 
contain  near  five  thoufand  ftars.  The  names  of 
the  conftellations,  their  fttuation  in  the  heavens, 
with  other  particulars,  are  beft  learned  by  ftudy- 
ing  the  artificial  reprefentation  of  the  heavens,  a 
celeftial  globe. 

The  galaxy  or  milky  way  muft  notbenegle&ed  1 
it  is  one  of  the  moft  remarkable  appearances  in 
the  heavens  ;  it  is  a  broad  circle  of  a  whitifh 
hue,  in  fome  places  it  is  double,  but  for  the  moft 
part  confifts  of  a  fmgle  path  furrounding  the 
whole  celeftial  concave.  The  great  Galileo  dif- 
covered  by  the  telefcope,  that  the  portion  of  the 
heavens  which  this  circle  pafles  through,  was 
every  where  filled  with  an  infinite  multitude  of 
exceeding  fmall  ftars,  too  fmall  to  be  difeovered 
by  the  naked  eye ;  but  by  the  combination  of 
their  light  diffufmg  a  finning  whitenefs  through 
the  heavens.  Mr.  Brydone  fays,  that  when  he 
was  at  the  top  of  Mount  Etna,  the  milky  w  ay 
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liad  the  mod  beautiful  efted,  appearing  like  a 
pure  flame  that  fhot  acrofs  the  heavens. 

This  idea  of  the  milky  way,  that  it  is  formed 
of  an  innumerable  duller  of  fmall  ftars,  is  nor, 
however,  new;  for  among  the  various  conjec¬ 
tures  of  Manilius,  we  find  the  following: 
is  the  fpacious  band  ferenely  bright 
om  little  fiars,  w  hich  there  their  beams  unite, 
And  form  one  folid  and  continu’d  light?” 

The  ftars  appear  of  a  fenfible  magnitude  to  the 
na  c  eye,  becaufe  the  retina  is  not  only  affeded 

by  the  rays  of  light  which  are  emitted  diredly 
romthcm>  but  bymany  thoufands  morei  which> 

aUmg  upon  our  eye-lafhes,  and  upon  the  vifible 

:rroPr€S,  ab°Ut  US’  3re  reHe^d  “to  our 
only  in  thJ8  y>  ^  t0  excitc  vibrations,  not 
niy  in  thofe  points  of  the  retina,  where  the  real 

images  o  the  ftars  are  formed,  but  alfo  in  other 
parts  roundabout  it.  This  mai~,  ,  ■ 

the  ftars  to  be  much  bWer  t)  u  US  lma£ine 
if  r  than  they  would  be 

>f  we  faw  them  only  by  the  few  u-  e 
direrftit-  f  ,  y  y  c  tew  ra> s  w'hich  come 

in L  ™'n  em  t0  0Ur  e>'“-  without  being 

~e  r  °jhcrs- A,,y  °ne  ^ *«»■* 

mtenit  I  ?  ^  l00kU1S  at  a  ftar  of  the  firft 
hold  a  rh  r  !"  "  mUCh  °f  would 

j*1'  ''Umbej  of  ‘he  ftars  almoft  infinitely  ex. 
s  what  we  have  yet  been  fpeaking  of.  An 

ordinary 
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ordinary  telefcope  will  difcover,  in  fevcral  parts  of 
the  heavens,  ten  times  as  many  ftars  as  are  vifible 
to  the  naked  eye.  Hooke,  in  his  Micrographia, 
fays,  that  with  a  telefcope  of  twelve  feet  he  dis¬ 
covered  feventy-eight  ftars  among  the  Pleiades, 
and  with  a  more  perfe£t  telefcope,  many  more. 
Galileo  reckoned  eighty  in  the  fpace  between  the 
belt  ''and  the  fword  of  Orion,  and  above  five 
hundred  more  in  another  part  of  the  fame  conftel- 
lation,  within  the  compafs  of  one  or  two  degrees 
fquare.  Antonia  Maria  de  Rheita  counted  in 
the  fame  conftellation  above  two  thoufand  ftars. 
Future  improvements  in  telefcopes  may  enable 
us  to  difcover  numberlefs  ftars  that  are  now  in- 
vifible ;  and  many  more  there  may  be,  which  are 
too  remote  to  be  feen  through  telefcopes,  even 
when  they  have  received  their  ultimate  improve¬ 
ment.  Dr.  Herfchel,  to  whofe  ingenuity  and 
affiduity  the  aftronomical  world  is  fo  much  in¬ 
debted,  and  whofe  enthuliafiic  ardor  has  re¬ 
vived  the  fpirit  of  difcoveries,  of  which  we  fliall 
fpeak  more  largely  in  another  part  of  this  eflay, 
has  evinced  what  great  difcoveries  may  be  made 
by  improvements  in  the  inftruments  of  obferva- 
tion.  In  fpeaking  here  of  his  difcoveries,  I 
{hall  ufe  the  words  of  M.  de  la  Lande.*  "  In 
palling  rapidly  over  the  heavens  with  his  new 
telefcope,  the  univerfe  increafed  under  his  eye; 

4400a 
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44°oo  dars,  fcen  in  the  fpace  of  a  few  degrees, 
feemcd  to  indicate  that  there  were  leventy-five 
millions  in  the  heavens.”  He  has  alfo  Ihewn 
that  many  dars,  which  to  the  eye,  or  through 
ordinary  glafles,  appear  fingle,  do  in  fad  confift 
of  two  or  more  dars.  The  galaxy  or  milky 
way  owes  it’s  light  entirely  to  the  multitude  of 
final  1  dai  s,  placed  fo  clofe  as  not  to  be  difcover- 
able,  even  oy  an  ordinary  telefcope.  The  ne- 
ku.ae,  or  fmall  whitifli  fpecks,  difeerned  by 
means  of  telefcopes,  owe  their  origin  to  the 
fame  caufe;  former  adronomers  could  only 
reckon  103,  Dr.  Herfchel  has  difeovered  up¬ 
wards  of  1  250  of  thefe  cluders,  beddes  a  fpecies 

*  ^ hchC  CaUS  planetary  nebuIae-  But  what  are 
a  t  iefe,  when  compared  to  thofe  that  fill  the 
r  .°  e,  exPanfe>  the  boundlefs  fields  of  ether! 
Indeed,  the  immenfit.y  of  the  univerfe  muft 
contain  fuch  numbers,  as  would  exceed  the  ut- 
moll  Ilietch  of  the  human  imagination.  For 
tail  fa},  how  far  the  univerfe  extends,  or 
'Vhere  are  the  limits  of  it?  where  the  Creator 
ayed  his  rapid  wheels;”  or  where  he  “  fixe4 
the  golden  compades?” 

TI1E  Plan£ts,  as  seen  from  the  Sun. 
folar  obferver  having  attained  a  compe- 
i  ■  r  *1°"  of  the  fixed  dars,  will  now'  apply 
himfelf  to  confider  the  planets:  thefe,  as  we 
avc  already  obferved,  he  will  foon  didinguifh, 

by 
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by  their  motion,  from  the  fixed  fiats ;  the  ftdrs 
always  remaining  in  their  places,  but  the  planets 
will  be  feen  palling  by  them  with  unequal  velo¬ 
cities.  Thus  on  obferving  the  earth,  for  in- 
fiance,  he  will  find  it  moving  among  the  fixed 
liars,  and  approaching  nearer  and  nearer  to 
the  more  eaftern  ones;  in  a  year’s  ttme  it  will 
complete  it’s  revolution,  and  return  to  the  fame 
place  again. 

He  will  find  feven  of  thefe  bodies  revolving 
round  the  fun,  to  each  of  which  he  will  afiign 
a  name,  calling  the  fwifteft  Mercury,  deno¬ 
minating  the  others  in  order,  according  to  then- 
velocities,  as  Venus,  then  the  Earth,  and  af¬ 
terwards  Mars,  Jupiter,  Saturn,  and  the 
Georgium  Sidus. 

Proceeding  with  attention  in  thus  exploring 
and  examining  the  heavens,  he  will  perceive 
that  the  earth  is  always  accompanied  by  a  fmall 
liar,  Jupiter  by  four,  Saturn  by  five,*  and  the 
Georgium  Sidus  by  two ;  thefe  fometimes  pre¬ 
cede,  at  others  follow;  now  pafs  before,  and 
then  behind  the  planets  they  refpc&ively  attend. 
Thefe  fmall  bodies  he  will  call  secondary 
planets,  satellites,  or  moons. 

The  obferver,  by  remarking  the  exatt  time 
when  each  planet  pafies  over  fome  fixed  ftar,  and 
the  time  they  employ  from  their  fetting  out,  to 

their 

*  Dr.  Herfchcl  has  difeovered  two  additional  moons  at¬ 
tendant  on  Saturn. 
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their  return  to  the  fame  ftar  again,  will  find  the 
tunes  elapfing  between  each  fucceflive  return  of 
the  fame  planet  to  the  fame  ftar,  to  be  equal; 
and  he  would  fay,  that  the  feveral  planets 
°  c'rc*es  indifferent  periods;  but  that 
eac  o  them  always  completes  it’s  own  circle  in 
the  fame  fpacc  of  time. 

He  will  further  obferve,  that  there  are  certain 
les,  w  lich  at  their  firft  appearance  are  fmall, 
obfcure,  ill-defined,  and  that  move  very  flow, 
ut  which  afterwards  increafe  in  magnitude, 

S  t,  and  velocity,  until  they  arrive  at  a  certain 

fize,  wh  hey  ,ofe  thcf£  propert.es>  and  du 

tnentefi111  ^  famC  manner  as  theh  before  aug- 
whTch  h  and;'*aft  d‘fapPear-  To 

Tens  ™  W1“  find  in  311  the  regions  of  the  hea- 

g  ve  thTnam8  T  he  will 

give  the  name  of  comets. 

Of  the  Paths  of  the  Peanets. 

Our  obferver  will  take  notice,  that  the  planets 
run  fucceflively  through  thofe  confteilations 
lc  he  has  denominated,  Aries,  Taurus, 
SST*.  C“Cer’,  Lc°.  Virgo,  Libra,  Scorpio, 
th  ^  th  riUS>  Capncornus»  Aquarius,  Pifces;  and 
that  they  moye  out  of  a  certain  fpace,  or 

>  o  the  heavens,  which  he  will  call  the 
ZODIAC. 

He  will  find,  by  proceeding  in  his  obfervation, 
lat  thc  orbits  of  the  planets  are  not  all  in  the  fame 

T> 
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plane,  but  that  they  crofs  each  other  in  different 
parts  ’ of  the  heavens ;  fo  that  if  he  makes  the 
orbit  of  any  one  planet  a  (tandard,  and  confiders 
it  as  having  no  obliquity,  he  would  judge  the 
paths  of  all  the  reft  to  be  inclined  to  it;  each 
planet  having  one  half  of  it's  path  on  one  fide, 
and  the  other  half  on  the  oppofite  fide  of  the 
ftandard  path,  or  orbit.  Aftronomers  generally 
affume  the  earth’s  orbit,  as  the  ftandard  from 
which  to  compute  the  inclination  of  the  others, 
and  call  it  the  ecliptic.  The  points  where  the 
orbits  interred  each  other,  are  called  the  nodes. 

This  inclination  of  the  orbits  to  each  other, 
may  be  rendered  more  familiar  to  the  imagina¬ 
tion,*  by  taking  as  many  hoops  as  there  are 
planets,  with  a  wire  thruft  through  each,  and 
thereby  joined  to  that  hoop  which  reprefents  the 
ecliptic;  the  other  hoops  may  be  then  fet  more 
or  lefs  obliquely  to  the  reprefentative  of  the 
ecliptic. 

The  feveral  orbits  do  not  crofs  or  interfcCt  the 
ecliptic  in  the  fame  point,  or  at  the  fame  angles ; 
but  their  nodes,  or  interfedions,  are  at  different 
parts  of  the  ecliptic. 

It  lhould,  however,  be  obferved  here,  that  in 
fpeaking  of  the  orbits  of  the  planets,  nothing 
more  is  meant  by  this  term,  than  the  paths  they 
pafs  through  in  the  open  fpacc  in  which  they 
r  mover 
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move,  and  in  which  they  are  retained  by  a  ce- 
ieltial  but  continuous  mechanifm. 

Or  the  Motion  of  the  Planets  round 
their  Axis. 

By  attentively  confidering,  with  a  telefcope, 

fervcr'wm  *  the  P™**  Pla»«s,  Polar  ob- 
‘1  ‘  ‘  ilnd*  that  f°me  parts,  or  spots,  are 

vation°b  CU'||  c3"  °'hCrS'  By  continued  obfer- 
Places  and'  thefe  fpots  change  their 

fhe  ntV  T°Ve  r°m  °ne  flde  of  the  P'anet  to 

of  tirle^  /  edifaPPear  f°r  a  ««ai" 

?*  t^ey  again,  for  a  while, 

feen,  always  com"  ^  WherC  they  were  firft 
in  an  uniform  mUlng  the  farne  motion  nearly 

'^rpo:r™cr,,2;'r 

",dd"  °f 

l  ,L"ZdT" pf r™  «*  «■** 

planet’s  di(l<  ^  r  me  they  arc  (cen  °n  the 

firft, ^'hat'jufr  clrcunlPances  he  will  conclude, 
planet  “  ”  ^  ^  adh-«= to  the  body  of  the 
turning  on  h  that  each  Plan«  is  a  globe 

motions,  one  whereb  a"d  ^  co"re<lucr,t|y  '*<> 

in  a  Ihnrr .  X  “  ,S  moveJ  mund  us  axis 

it  revolves 

concaved  bv  '  ,  mot,on3  may  be  eafily 
•  y  only  imagining  a  fmall  ball  to  roll 

B  2  round 


20  ASTRONOMICAL  essays. 

round  a  large  fpherc.  The  firft  of  thefe  motions, 
or  that  of  a  planet  round  it’s  axis,  is  called  the 
P,URNAL  motion;  and  the  fecond,  or  it's  revo¬ 
lution  round  the  fun,  is  called  the  annual 

MOTION. 

The  tutor  may  in  fome  meafiire  realize  to  his 
pupil  the  foregoing  heliocentric  phenomena,  by 
plate  1.  fig-  I,  of  the  folar  fyftern  ;  orftill  much 
better,  by  means  of  a  planetarium  :  for  by  fup- 
poftng  himfelf  on  the  brafs  ball  which  reprefents 
the  fun,  he  will  fee  that  all  the  planets  move 
round  him  in  beautiful  and  harmonious  order: 

If  on  account  of  their  diftance  he  refers  then- 
motions  to  the  fixed  ftars;  he  will  fee  how  rca- 
dily  the  periods  of  their  revolutions  may  be 
obtained,  by  observing  the  time  that  el  a  pfes  be¬ 
tween  their  fetting  out  from  any  fixed  point,  or 
liar,  and  their  returning  to  the  lame  again.  He 
will  alfo  fee,  that  if  the  paths  of  the  planets  were 
in  one  plane,  as  in  the  innrument,  they  would 
all  be  transferred  to  one  circle  in  the  heavens. 

When  he  underftands  thefe  particulars,  the 
tutor  may  proceed  to  (hew  him  that  thefe  mo¬ 
tions,  which  arc  fo  regular  when  viewed  from  the 
fun,  become  intricate  and  perplexed  when  viewed 
from  the  earth ;  and  infer  from  thence,  that  when¬ 
ever  “  we  examine  the  works  of  the  Deity  at  a 
proper  point  of  diftance,  fo  as  to  take  in  the 
whole  of  his  delign,  we  fee  nothing  but  unifor¬ 
mity,  beaut v,  and  precilion.”  Thus  the  hea- 
o  ven* 
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vens  prefent  us  with  a  plan,  which,  though 
inexpreffibly  magnificent,  is  yet  regular  beyond 
the  power  of  invention;  and  the  volume  of  the 
univerfe  will  be  found  to  be  as  perfect  as  it’s 
author,  containing  mines  of  truth  for  ever  open¬ 
ing,  fountains  of  good  for  ever  flowing,  an 
endlefs  fucccffion  of  bright,  and  ftill  brighter 
exhibitions  of  the  glorious  godhead,  anfwering 
to  the  nature  and  idea  of  infinite  fulnefs  and 
perfedtion. 


'stntzxtn* 

♦ 


B3 


ESSAY 


(  22  ) 


essay  I. 


part  ii. 


Of  the  Phenomena  of  the  Heavens,  as 
se*n  from  the  Earth, 

i.  ;  ' 

THE  various  appearances  of  the  celeftial 
bodies,  as  feen  from  the  earth,  are  the 
fa&s  which  lay  the  foundation  of  all  aftrono- 
mical  knowledge.  To  account  for,  and  explain 
them,  is  it’s  principal  bufineft :  a  true  idea  of 
thefe  phenomena  is  therefore  a  neceflary  ftep 
to  a  knowledge  of  aftronomy. 

Of  the  apparent  Motion  of  the  Sun. 

The  firft  and  mod  obvious  phenomenon  is 
the  daily  rifing  of  the  fun  in  the  eaft,  and  his 
fetting  in  the  weft;  after  which  the  moon  and 
{tars  appear,  ftill  keeping  the  fame  wefterly 
courfe,  till  we  lofe  fight  of  them  altogether. 

This  cannot  be  long  obferved,  before  we  mull 
alfo  perceive,  that  neither  the  fun  nor  moon 
always  rife  exactly  at  the  fame  point  of  the 

heavens. 
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heavens.  If  we  commence  our  obfervations  of 
the  fun,  for  inftance,  in  the  beginning  of  March, 
we  fliall  find  him  appear  to  rife  more  to  the 
northward  every  day,  to  continue  longer  above 
the  horizon,  to  be  more  vertical,  or  higher,  at 
mid-day ;  this  continues  till  towards  the  end  of 
June,  when  he  moves  backward  in  the  fame 


manner,  and  continues  this  retrograde  motion 
till  near  the  end  of  December,  when  it  begins  to 
move  forwards,  and  fo  on. 


It  is  this  change  in  the  fun’s  place,  that  occa¬ 
sions  him  to  rife  and  fet  in  different  parts  of  the 
horizon,  at  different  times  of  the  year.  It  is 
from  hence  that  his  height  is  fo  much  greater  in 
umrner,  than  in  winter.  In  a  word,  the  change 

°,  ^eiUn  S  plaCC  in  the  heavens  is  the  caufe  of 
the  different  length  in  the  days  and  nights,  and 
the  viciflitudes  of  the  feafons. 


As  the  knowledge  of  theffm’s  apparent  motion 
is  of  great  importance,  and  a  proper  conception 
of  it  abfolutely  neceffary,  in  order  to  form  a  true 
idea  of  the  phenomena  of  the  heavens,  the  reader 
will  excufe  my  dwelling  fomething  longer  upon 
it.  If  on  an  evening  we  take  notice  of  fome 
xed  (hr  near  the  place  where  the  fun  fets,  and 
n  11  ^°r  Peveral  fucceffive  evenings,  we 

,la  n  t*lat  lt  approaches  the  fun  from  day  to 
1  W  at  **  difappear,  being  effaced 
)  ls  ight,  though  but  a  few  days  before  it  was 
at  a  fuffident  difl2ncc  from  h[m_  That  ^ 

®  4  fun 
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fun  which  approaches  the  ftars,  and  not  the  ftars 
the  fun,  is  plain,  for  this  reafon;  the  ftars  always 
rife  and  fet  every  day  at  the  fame  points  of  the 
horizon,  oppoftte  to  the  fame  terre (trial  objects, 

[  and  are  always  at  the  fame  diftance  from  each 
other;  whereas  the  fun  is  continually  changing 
both  the  place  of  it’s  rifing  and  fetting,  and  it’s 
diftance  from  the  ftars. 

The  fun  advances  nearly  one  degree  every  day, 
moving  from  weft  to  eaft;  fo  that  in  365  days 
we  fee  the  fame  ftar  near  the  fetting  fun,  as  was 
obferved  to  be  near  him  on  the  fame  day  in  the 
preceding  year.  In  other  words,  the  fun  has 
returned  to  the  place  from  whence  he  fet  out, 
or  made  what  wc  call  his  annual  revolution. 

We  cannot  indeed  obferve  the  fun’s  motion 
among  the  fixed  ftars,  becaufe  he  darkens  the 
heavens  by  his  fplendor,  and  effaces  the  feeble 
light  of  thofe  ftars  that  are  in  his  neighbour¬ 
hood  ;  but  we  can  obferve  the  inftant  of  his  com¬ 
ing  to  the  meridian,  and  his  meridional  altitude; 
we  can  alfo  compute  what  point  of  the  ftarry 
heaven  comes  to  the  fame  meridian,  at  the  fame 
time,  and  with  the  fame  altitude.  The  fun  muff 
be  at  that  point  of  the  ftarry  heavens  thus  difco- 
vered.  Or  we  can  obferve  that  point  in  the 
heavens,  which  comes  to  the  meridian  at  mid¬ 
night,  with  a  declination  as  far  from  the  equator 
on  one  fide,  as  the  fun’s  is  on  the  other  fide ; 
and  it  is  evident,  the  fun  muft  be  in  that  part  of 

the 
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the  heavens,  which  is  diametrically  oppofitc  to 
this  point.  By  either  of  thefe  methods  we  can 
alcertain  a  feries  of  points  in  the  heavens,  through 
which  the  fun  paffes,  forming  a  circle  called 
the  ECLIPTIC.* 

Of  the  apparent  Phenomena  of  the  Moon. 

The  motion  of  the  moon  through  the  heavens, 
and  her  appearance  therein,  are  ftill  more  re¬ 
markable  than,  thofe  of  the  fun,  and  engage 
the  attention  €<  by  the  nightly  changes  in  her 
circling  orb.”  At  the  new  moon,  or  when  (lie 
fh'ft  becomes  vilible,  (he  is  feen  in  the  weftern 
part  ot  the  heavens,  at  no  great  diftance  from 
the  fun.  She  increafes  every  night  in  fize,  and 
removes  to  a  greater  diftance  from  the  fun,  till 
at  laft  (he  appears  in  the  eaftern  part  of  the  ho¬ 
rizon,  w  hen  the  fun  is  difappearing  in  the  weft¬ 
ern.  After  this,  fhe  gradually  removes  further 
and  further  eaftward,  till  at  laft  (he  feems  to  ap¬ 
proach  the  fun  as  nearly  in  the  eaft  as  Ihe  did 
before  in  the  weft,  and  rifes  a  little  before  him 
in  the  morning;  whereas  in  the  firft  part  of  her 
courfe  fhe  fet  in  the  weft,  long  after  him.  All 
thefe  different  appearances  happen  in  the  fpacc 
of  a  month;  after  which  they  re-commence  in 
the  fame  manner.  “  Sometimes  half-reftoring 
day  with  her  waxing  brightness;  fometimes 

waning 

*  The  conformity  of  this  definition  of  the  ecliptic,  with 
that  given  in  page  18,  will  be  feen  hereafter. 
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waning  into  dimnefs,  and  fcarcely  fcattering 
the  nocturnal  gloom.’* 

There  is  fometimes  an  irregularity  in  thefc 
appearances,  particularly  in  harveft-time,  when 
the  moon  appears  for  feveral  days  to  be  ftationary 
in  the  heavens,  and  to  preferve  nearly  the  fame 
diftance  from  the  fun ;  in  confequence  of  which, 
fhe  rifes  at  that  feafon  of  the  year  nearly  at  the 
lame  hour  for  feveral  nights. 

Of  the  apparent  Motion  of  the  Stars. 

In  contemplating  the  ftars,  it  is  obferved  that 
fome  among  them  have  the  fingular  property  of 
neither  rifing  in  the  eaft,  nor  fetting  in  the  weft ; 
but  feem  to  turn  round  one  immoveable  point, 
near  which  is  placed  a  lingle  ftar,  called  the 

POLE,  Or  POLE  STAR. 

This  point  is  more  or  lefs  elevated,  according 
to  the  part  of  the  earth  from  which  it  is  viewed. 
Thus  to  the  inhabitants  of  Lapland  it  is  much 
more  vertical,  or  elevated  above  the  horizon, 
than  with  us:  we  fee  it  more  elevated  than  the 
inhabitants  of  Spain :  and  thefe  again  fee  it  more 
elevated  than  thofe  of  Barbary.  By  continually 
travelling  fouthward,  we  fliould  at  laft  fee  the 
pole  ftar  deprefted  to  the  horizon,  and  the  other 
pole  would  appear  in  the  fouth  part  of  the 
horizon,  round  which  the  ftars  in  that  part 
would  revolve.  There  is,  however,  no  ftar  in 
;$hc  fouthern  hemifphere  fo  near  the  pole,  as 
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that  in  the  northern  hemifphCre.  Supposing  us 
ilill  to  travel  fouthward,  the  north  pole  would 
entirely  dilappear,  and  the  whole  hemifpherc 
would  feem  to  turn  round  a  Tingle  point  in  the 
Couth,  as  the  northern  hemifphere  appears  to 
turn  rouiid  the  pole  (hr. 

The  general  appearance,  therefore,  of  the 
ftarry  heavens,  is  that  of  a  valt  concave  Iphere 
turning  round  two  fixed  points  (diametrically 
oppofite  to  each  other,  the  one  in  the  north,  the 
other  in  the  fouth)  once  in  twenty  four  hours. 

Hence  it  is  that  the  ftars,  though  they  keep 
the  lame  relative  places  with  refpedfc  to  each 
other,  yet  change  their  fituation  very  feniibly 
with  refpe<5l  to  the  horizon;  fome  riling  above, 
others  defending  belpw  it;  fome  that  were 
mvifible,  now  becoming  vifible  ;  while,  on  the 
ot  icr  hand,  many  are  difappeanng.  Some 
never  defeend  below  the  horizon ;  although  as 
they  turn  round,  they  are  fometimes  nearer  to, 
at  others  further  from  it,  deferring  w  hole  circles 
about  a  point  above  it.  If  the  oblerver  turns 
himfelf  round,  he  will  find  fome  liars  rife  only 
as  it  were  to  fet  again;  many  defewbing  fmall 
arcs,  and  others  larger  ones. 

The  Appearances  of  the  Planets. 

Befides  the  fixed  liars,  there  are  other  bodice 
in  the  heavens,  which  are  continually  changing 
their  places,- both  with  refpedt  to  the  liars,  and 
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one  another;  thefe  are  called  planets.  They 
move  among  the  figns  of  the  zodiac,  never  de¬ 
parting  far  from  the  ecliptic.  Their  apparent 
motion  is  very  irregular,  confufed,  and  per¬ 
plexed;  fometimes  they  appear  as  going  for¬ 
wards,  fometimes  backwards,  and  at  others 
are  ftationary. 

Mercury  emits  a  bright  white  light,  but 
keeps  fo  near  the  fun,  that  he  is  very  feldom 
vifible ;  and  when  he  does  make  his  appearance, 
his  motion  towards  the  fun  is  fo  fwift,  that  he 
can  only  be  difeerned  for  a  fhort  time.  He 
appears  a  little  after  fun-fet,  and  again  a  little 
before  fun-rife. 

Venus  is  the  moll  beautiful  liar  in  the  heavens, 
known  by  the  names  of  the  morning  and  even¬ 
ing  liar.  She  alfo,  like  Mercury,  keeps  near  the 
fun,  though  fhe  recedes  from  him.much  further, 
and  like  him,  is  never  feen  in  the  eaflern  quarter 
of  the  heavens  when  the  fun  is  in  the  wellern ; 
but  always  either  attends  him  in  the  evening,  or 
wives  notice  of  his  approach  in  the  morning. 

C  Mars  is  of  a  red  fiery  colour,  giving  a  much 
duller  light  than  Venus,  though  he  fometimes 
appears  almoft  equal  to  her  in  fize.  He  is  not 
fubjedt  to  the  fame  limitations  in  his  motions  as 
Venus  and  Mercury,  but  appears  fometimes  very 
near  the  fun,  at  others  at  a  greater  diftance  from 
him,  rifing  when  the  fun  fets,  or  fetting  when 
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Jupiter  and  Saturn  likewife  often  appear  at 
great  diftances  from  the  fun.  The  former  fhines 
with  a  bright  light,  the  latter  with  a  pale 
faint  one.  The  motion  of  Saturn  among  the 
fixed  ftars  is  fo  flow,  that  unlefs  carefully 
obferved,  and  that  for  fome  time,  he  will  not 
be  thought  to  move  at  all. 

The  Georgium  Sidus  is  the  planet  difeo- 
vered  by  Dr.  Hcrfchel.  It  is  reckoned  to  be 
twice  the  diftance  of  Saturn  from  the  fun,  but 
cannot  be  readily  perceived  without  the  afliftance 
of  a  telefcope. 

From  the  preceding  obfervations,  any  perfon 
may  eafily  learn  to  diftinguilh  all  the  planets. 
For  if  after  fun-fet  he  fees  a  planet  nearer  the 
eaft  than  the  weft,  he  may  conclude  that  it  is 
neither  Mercury  nor  Venus ;  and  may  determine 
whether  it  be  Saturn,  Jupiter,  or  Mars,  by  the 
colour  and  light ;  by  which,  alfo,  he  may  dif- 
tinguifti  between  Venus  and  Mercury. 

That  the  light  of  each  planet  has  it’s  peculiar 
tinge ;  and  that  there  are  certain  fixed  ftars  that 
have  the  fame  tints,  was  known  to  the  Chal- 
daeans.  It  is  an  obfervation  beft  verified  in  thofe 
countries,  where  the  air  is  cleared. 

Befides  the  motions  which  we  obferve  in  all 
the  planets,  their  apparent  magnitudes  are  very 
different,  at  different  times.  Every  one  mull 
have  obferved,  that  Venus,  though  {he  con- 
ftantly  appears  with  great  fplendor,  is  not  al¬ 
ways 
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ways  of  the  fame  fize:  but  this  difference  of 
magnitude  is  moft  confpicuous  in  Mars,  it  is 
remarkable  in  Jupiter,  but  lefs  fo  in  Saturn 
and  Mercury.  * 

The  only  phenomena  vifible  to  the  unaflifted 
fight,  belides  thofe  already  defcribed,  are  thofe 
unexpected  obfcurations  of  the  fun  and  moon, 
called  eclipses,  of  which  we  fhall  hereafter 
lpeak  more  particularly.  / 

We  have  now  defcribed  thofe  appearances, 
which  are  the  moft  ftriking  to  every  perfon  who 
has  paid  the  leaftr  attention  to  what  is  parting* 
over  his  head.  The  tutor  would  do  well  in 
this  place,  firft,  to  bring  his  pupil  acquainted 
with  the  appearances  themfelves,  and  then  ex¬ 
plain  them 'to  him  by  the  globe,  or  fome  other 
inftrument.  It  would  not  be  amifs,  if  he  were 
now  to  inftrudt  him  by  practical  obfervations, 
and  (hew'  him,  by  a  fmall  quadrant,  how  to  mea- 
fure  the  elevation  of  the  ftars,  &c.  always 
remembering  that  young  minds  are  ever  adtive 
in  fearCh  of  impreftions  from  external  objecfts; 
and  that  thefe  are  more  permanent  than  thofe 
made  by  w  ords :  in  the  former  the  mind  ener¬ 
gizes,  ard  is  brought  intoadtion;  in  the  latter, 
it  is  in  a  great  degree  paffive. 


ESSAY 


ffi-  \  '^tyyax 


(  31  ) 


ESSAY  I. 


part  in. 


Op  the  Copernican,  or  Solar  System, 

AFTER  having  Hated  what  would  be  the 
appearances  of  the  heavenly  bodies,  if  we 
were  placed  at  the  center  of  the  fyftem,  and  then 
given  a  general  view  of  their  phenomena,  as 
feen  from  the  earth;  it  will  now  be  proper  to 
frew  how  the  irregularities  that  are  difeovered 
in  one  lituation,  are  to  be  reconciled  with  the 
harmony  and  order  that  would  be  vifible  if  they 
were  to  be  feen  from  the  other;  or  in  other 
words,  to  fhew  why  the  motions  of  the  planets 
appear  to  us  fo  different  from  what  they 
really  are. 

One  of  the  ends  for  which  man  was  formed, 
is  to  corre<5t  appearances  and  errors,  by  the 
inveftigation  of  truth:  whoever  confiders  him 
attentively,  from  infancy  to  manhood,  and  from 

manhood 
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manhood  to  old  age,  will  find  him  ever  bufy  in 
endeavouring  to  find  Tome  reality,  to  ilipply 
the  place  of  the  falfe  appearances,  by  which  he 
has  hitherto  been  deceived. 

It  is  the  bufinefs  of  the  prefent  part  of  this 
efTay,  to  corretf:  the  errors  arifing  from  appear¬ 
ances,  and  to  point  out  truth  by  a  brief  detail 
of  the  principal  parts  of  the  Copernican  fyftem, 
which  is  now  univerfally  received,  becaufe  it 
rationally  accounts  for,  and  accords  with  the 
phenomena  of  the  heavens. 

«  At  the  appointed  time,  when  it  plcafed  the 
fupreme  difpenfer  of  every  good  gift  to  reftorc 
light  to  a  bewildered  world,  and  more  particu¬ 
larly  to  manifeft  his  wifdom  in  the  fimplicity,  as 
well  as  in  the  grandeur  of  his  works,  he  opened 
the  glorious  feene  with  a  revival  of  found  agro¬ 
nomy;”*  and  raifed  up  Copernicus  to  difpcl  the 
darknefs  in  which  it  was  then  involved. 

The  Copernican  fyftem  confifts  of  the  fun, 
feven  primary,  twelve  fecondary  planets,  and 
the  comets. 

The  feven  planets,  Mercury,  Venus,  the 
Earth,  Mars,  Jupiter,  Saturn,  and  the  Georgium 
Sidus,  move  round  the  fun,j'  in  orbits  included 
one  within  the  other,  and  in  the  order  here  ufed 

in 


*  Pringle’s  Six  Difcourfes  to  the  Royal  Society. 

+  The  fun  is  not  abfolutcly  at  reft,  being  fubjeft  to  a 
frjiall  degree  of  mption,  which  is  confidered  in  larger  works 
on  aftronomy, 
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ln  mentioning  their  names.  Mercury  being  that 
which  is  neareft  the  fun. 

Thefe  feven,  which  revolve  round  the  fun  as 
their  center,  are  called  primary  planets. 

The  fourteen  fmall  planets  revolve  round  the 
primary  ones  as  a  center,  and  are  at  the  fame 
time  carried  round  the  fun  with  them;  they  are 
therefore  called  secondary  planets,  moons,  or 
SATELLITES. 


The  Georgium  Sidus  is  attended  by  two 
moons,  Saturn  by  feven,  Jupiter  by  four,  and 
t  e  Earth  by  one ;  all  of  thefe,  excepting  the 
*al>,  are  invifible  to  us,  on  account  of  the  fmall- 

nt  s  of  their  fize,  and  the  greatnefs  of  their  dif- 
tance  from  us. 


Mercury  and  Venus  being  within  the  Earth’s 

luoUer  Calkd  INFERI°R  PLANETS:  but  Mars, 
Jupiter,  Saturn,  and  the  Georgium  Sidus,  beina 

without  it,  are  called  suPERIOR  planets.* 

The  orbits  of  all  the  planets  are  elliptical;  but 

as  the  principal  phenomena  of  the  Copernican 

ryftem  may  be  fatisfadorily  illudrated,  by  con- 

idering  them  as  circular,  the  latter  fuppofuion 

is  u  ually  adopted  in  giving  a  general  idea  of  the 

oiipohtion  and  motion  of  the  heavenly  bodies. 

the'  fr°m  a  great  varict>'  of  proofs,  that 

.  ,  ron°mers  of  antiquity  wrere  acquainted 
t  c  true  folarfyftem,  as  revived  by  Coper- 
icus.  t  was  the  univerfal  doctrine  of  the 
ythagorean  fchool,  and  is  clearly  marked  put 
C 
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as  fuch  by  Ariftotle :  for  thefe,  fays  he,  aflert 
that  fire  is  in  the  midlt  of  the  world,  and  that  the 
earth  is  one  of  the  heavenly  bodies.  He  after¬ 
wards  fpeaks  of  a  fet  of  men,  who  held  a 
fyftem  eflentially  fimilar  to  that  of  the  modem 
Semitychonic.  Eudcmus,  in  his  hifiory  of 
aftronomy,  as  cited  by  Anatolius,  fays,  that 
Anaximander  was  the  firft  who  dilcovcred  the 
earth  to  be  one  of  the  heavenly  bodies,  and  to 
move  round  the  center  of  the  world.  Arif- 
tarchus  held  that  the  earth  is  carried  round  the 
fun,  in  the  circumference  of  a  circle,  of  w  hich 
the  fun  itfelf  is  the  center ;  and  that  the  fphere 
of  the  fixed  ftars  is  fo  immenfe,  that  the  circle 
of  the  earth’s  annual  orbit  bears  no  greater  pro¬ 
portion  to  it,  than  the  center  of  any  fphere  bears 
to  it’s  whole  furface.  Philolaus,  and  others, 
declared  the  motion  of  the  fun,  round  about  the 
earth,  to  be  only  apparent.  They  faw  and  felt 
the  importance  of  his  globe  over  our’s,  and  fup- 
pofing  it’s  influence  to  extend  to  much  larger 
bounds  than  that  of  the  earth,  they  placed  it  in 
the  center  of  the  univerfe.  A  mong  the  Romans, 
we  find  that  Numa  built  a  temple  to  reprefentv 
as  Plutarch  interprets  it,*  the  fyftem  of  the 
heavens,  with  a  facred  fire  in  the  center  of  it.f 

Thus, 

*  Plutarch  in  Vita  Numat. 

f  Foeum  Veflae  virginibus  eolendum  dedit,  ut  ad-  simi- 
j.itudinem  coelestium  siderum  cuftos  imperii  flamma 
vigilaret.  Flor.  Hift. 
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Ihus  alfo  in  the  Jewifh  tabernacle,  the  feven 
lights  had  a  reference  to  the  feven  chief  lights  of 
the  heavens.  Hence  alfo  the  heavens  arc  called 
in  facred  writ  the  tabernacle  of  the  fun;  the 
M  °^c  ofourfyftem  dwelling  within  his  influ- 
fa-.  foregoing  citations  arc,  w'e  prefume, 
U  -icicnt  to  Utew  that  the  ancients  were  not  ig¬ 
norant  of  the  true  folar  fyflem.  Thofe  that 
nt  urther  information  on  this  head,  may  con- 

r  ‘  * f*  ."r  “  Sydenham’s  inflation  of  the 
of  rh  ’  °,.r  at°‘  Queen’s  inquiries  into  the  origin 
lesl  n-°VCriCS  atlributed  the  models; 
Philoflh  yROInthC  firftPrinciP>«  of  natural 
cienne^  R  ^  *  hlfto,rc  de  Paftronomie  an- 
aredirea  Dro  there  authorities  afide,  there 

“?rc“fc 

In  prailin  ,C.P"ejUdlCes  of  the  age  he  lived  in. 
endcavoufto  d  0pCrnKU*’  Ict  us  not>  however, 
Ptolemy  •  W  ■  ra  ^ °  WcI1~carncd  fame  of 

gonious/vvi'ch  it  th‘  thMSh  Crr°neous'  was  in- 

ages.  It  e  °i  Id  was  content  for  many 

invincible  demLft  C°nfiC,CrCd  aS  foun<kd  UPOT1 
could  not  hP  ,  °n‘  38  a  facred  truth> tha£ 

verfv  or  fh  ,Wea^Cncd  bv  the  Powers  of  contra, 
ihaken  by  the  fluctuations  of  opinion. 

^  2  Being 


g6  ASTRONOMICAL  ESSAYS. 

Being  in  poffeflion  of  higher  truth,  we  fhould 
not  fpeak  degradingly  of  thofe  who  preceded  us. 

If  the  ground  we  (land  on  be  firm,  it  will  not 
need  fupport  from  the  empty  boaftings  of  decla¬ 
mation,  the  authority  of  names,  or  the  contemp¬ 
tuous  fneers  of  an  affeded  difdain:  and  it  is 
much  to  be  regretted,  that  the  writings  of  mo¬ 
dern  philofophers  furnifh  us  with  many  inftances 
of  the  high  opinion  they  entertain  of  their  own 
knowledge,  and  their  contempt  of  thofe  who 
differ  from  them.  Let  ihe  young  pupil  there¬ 
fore  be  cautioned  not  to  confine  the  idea  ol 
bigotry  to  the  fuperftitious  zealots  of  religion ; 
for  he  will  find  as  much  attachment  to  trifles, 
as  much  blind  prejudice,  and  as  little  love  to 
truth  for  truth’s  sake,  among  thofe  who  are 
called  philofophers,  as  among  the  moft  invete¬ 
rate  fedarians,  or  the  wildeft  fanatics. 

Let  him  early  learn  to  diftinguilh  the  different 
degrees  of  evidence,  of  which  each  fubjed  is 
capable;  but  above  all,  let  him  ftudioufly  avoid 
the  improper  conjundion  of  the  demonftrative 
evidence  of  one  fcience,  with  the  bare  proba¬ 
bility,  or  unfounded  affertions  in  another ;  leff, 
like  thofe  who  have  gone  before  him>  he  fhould 
call  that  demonftrated,  which  is  often  not 
even  probable. 


Definitions. 


ffi  ‘•-•A. 
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Definitions. 

Before  we  enter  into  a  defcription  of  the  fglar 
fyftem,  it  may  beneceflary  to  define  what  is 
meant  By  the  axis  of  a  planet;  left  the  pupil 
fhould  conceive  them  to  turn  on  fuch  material 
axes,  as  are  ufed  in  the  machines  which  are  con¬ 
trived  to  reprefent  the  planetary  fyftem. 

The  axis  of  a  planet  is  a  line  conceived  to 
be  drawn  through  it’s  center,  and  about  which 
it  is  conceived  to  turn,  in  the  courfe  of  it’s  revo¬ 
lution  round  the  fun:  the  extremities  of  this  line 
terminate  in  oppofite  points  of  the  furface  of  the 
P^net,  and  are  called  it’s  foles;  that  which 
points  towards  the  northern  part  of  the  heaven, 
NOR™  POLE;  that  which  points 
{  *  l  e  fouthern>  the  SOUTH  POLE.  A  ball 

ro,  n  l  °m  ,thC  hand  intb  the  °Pen  air* «“™ 
round  upon  a  line  within  itfelf,  while  it  i,  mov- 

n„  forward;  fuch  a  line  as  this  is  meant,  when 
we  fPcak  of  the  axis  of  a  planet. 

%•  r.  plate  I.  reprefents  the  folar  fyftem, 
wherein  ©  denotes  the  fun:  A  B  the  circle 
wh.ch  the  neareft  planet.  Mercury,  deferibes  in 
moving  round  it;  C  D  that  in  which  Venus 
°\es;  F  G  the  orbit  of  the  earth;  H  K  that 
ars:  I  N  that  of  Jupiter;  O  P  that  of 
t*  and  Q^R  that  ot  the  Gco’gium  Sidus; 
e>ond  this  are  the  ftarry  heav  ens. 
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The  fun  and  the  planets  are  fometimes  ex- 
prelTed  by  marks  or  chara&ers,  inftead  of  writ¬ 
ing  their  names  at  length.  The  characters  are 
as  follow:  ©the  fun,  $  Mercury,  9  Venus, 

0  the  Earth,  S  Mars,  %  JuPltcr>  b  Saturn. 

Of  the  Sun. 

The  fun  is  the  center  of  the  fyftcm,  round 
which  the  reft  of  the  planets  revolve.  It  is  the 
firft  and  greateft  object  of  aftronomical  know¬ 
ledge,  and  is  alone  enough  to  ftamp  a  value  on 
the  feience,  to  which  the  ftudy  of  it  belongs 
The  fun  is  the  parent  of  the  feafons ;  day  and 
night,  fummer  and  winter,  are  among  it  s  fur- 
prizing  effects.  All  the  vegetable  creation  are 
the  offspring  of  it’s  beams;  our  own  lives  are 
fupported  by  it's  influence.  Nature  revives, 
and  puts  on  a  new  face,  when  it  approaches 
nearer  to  us  in  fpring;  and  finks  into  a  tempo¬ 
rary  death  at  his  departure  from  us  in  the  winter. 

Hence  it  was,  with  propriety,  called  by  the 
ancients  cor  cceU,  the  heart  of  heaven;  for 
as  the  heart  is  the  center  of  the  animal  fyftcm, 
fo  is  the  fun  the  center  of  our  univerfe.  As  the 
heart  is  the  fountain  of  the  blood,  and  the  center 
of  heat  and  motion ;  fo  is  the  lun  the  life  and 
heat  of  the  world,  and  the  firfl:  mover  of  the 
mundane  fyftcm.  When  the  heart  ceafcs  to 
beat,  the  circuit  of  life  is  at  an  end ;  and  if  the 
fun  fliould  ceafe  to  aeft,  a  total  ftagnation  would 

tak$. 
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take  place  throughout  the  whole  frame  of 
nature. 

4t  By  his  magnetic  beam  he  gently  warms 
The  univerfc,  and  to  each  inward  part. 

With  gentle  penetration,  though  unfeen. 

Shoots  invifiblc  virtue.” 

The  fun  is  placed  near  the  center  of  the  orbits 
of  all  the  planets,  and  turns  round  his  axis  in 
twenty-five  \  days,  it  is  inclined  to  the  eclip¬ 
tic  in  an  angle  of  eight  degrees.  His  apparent 
diameter,  at  a  mean  diftance  from  the  earth,  is 
about  thirty-two  minutes,  twelve  feconds.  ' 
Thofe  who  are  not  accuftomed  to  aftronomi- 
oal  calculation,  will  be  furprized  at  the  real 
magnitude  of  this  luminary;  which,  on  account 

murhi  1  "“"I"  lr°m  USj  appears  to  the  eye  not 
much  larger  than  the  moon,  which  is  only  an  at¬ 
tendant  on  our  earth.  When  looking  at  the 
iun,  they  are  viewing  a  globe,  whofe  diameter 
ls  890,000  Englifli  miles,  whofe  fur  face  contains 
2,488,461,360,000  fquarc  miles;  whereas  the 
*arth  is  not  more  in  diameter  than  797o  miles: 
o  that  the  fun  is  about  1,392,500  times  bigger 
than  the  earth.  It is  reckoned  to  be  539  *  times 
ogcr  than  all  the  planets  put  together.  Thus 

nhn  I8  *C.fountain  of  >>ght  and  heat  to  all  the 
\  C(-s.  o  it  alio  far  furpaffes  them  in  it’s  bulk. 

pioportion  as  fcience  has  advanced,  and 
moie  accuiate  inftruments  have  been  made,  the 
magnitude  of  this  luminary  has  been  found 
C  4  To 
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to  exceed  confiderably  the  limits  of  former 
calculations. 

If  the  fun  were  every  where  equally  bright, 
his  rotation  on  his  axis  would  not  be  percep¬ 
tible  }  but  by  means  of  the  fpots,  which  are 
vifible  on  his  pure  and  lucid  furface,  we  are 
enabled  to  difeover  this  motion. 

When  a  fpherical  body  is  near  enough  to  ap¬ 
pear  of  it’s  true  figure,  this  appearance  is  owing 
to  the  {hading  upon  the  different  parts  of  it’s 
furface:  for  as  a  flat  circular  piece  of  board, 
when  it  is  properly  (haded  by  painting,  will 
look  like  a  fpherical  body  ;  fo  a  fpherical  body 
appears  of  it’s  true  fhape,  for  the  fame  reafon 
that  the  plane  board,  in  the  prefent  inftance, 
appears  fpherical.  But  if  the  fphere  be  at  a 
great  diffance,  this  difference  of  (hading  cannot 
be  difeerned  by  the  eye,  and  confequently  the 
>  fphere  will  no  longer  appear  of  it’s  true  (hape; 
the  (hading  is  then  loft,  and  it  feems  like  a 
flat  circle. 

It  is  thus  with  the  fun;  it  appears  to  us  like  a  . 
bright  flat  circle,  which  flat  circle  is  termed  the 
sun’s  disk.  By  the  affiftance  of  telefcopes, 
dark  fpots  have  been  obferved  on  this  di(k,  and 
found  to  have  a  motion  from  eaft  to  weft ;  their 
velocity  is  greater  when  they  are  at  the  center, 
than  when  they  are  near  the  limb.  They  are 
feen  firft  on  the  eaftern  extremity,  by  degrees  they 
come  forwards  towards  the  middle,  and  fo  pafs 
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on,  till  they  reach  the  weftern  edge;  they  then 
disappear ;  and  after  they  have  lain  hid  about  the 
fame  time  that  they  continued  vifible,  they  will 
appear  again  as  at  firft.  By  this  motion  we  dif- 
cover  not  only  the  time  the  fun  employs  in  turn¬ 
ing  round  his  axis,  but  alfo  the  inclination  of 
it's  axis  to  the  plane  of  the  ecliptic.* 

The  page  ofhiftory  informs  us,  that  there  have 
cen  periods,  when  the  fun  has  wanted  of  it’s 
accuftomed  brightnefs,  {hone  with  a  dim  and 
Obfcure  light  for  the  fpace  of  a  whole  year.  This 
obfcurity  has  been  fuppofed  to  arife  from  his  fur- 
ace  eing  at  thofe  times  covered  with  fpots. 
Spots  have  been  feen  that  were  much  larger  than 

round  it^wh*  1  fUPP°!fd  to  have  an  atmofphere 

•  s  termed  ti:CW  °e“f,0“  that  which 

mermed  the  zod.acal  light.  This  light  is 
feenat  fome  feafons  of  the  year,  either  a  little 
fter  fun-fet,  or  a  little  before  fun-rife.  It  « 

bTinL th  and  °fa  Whitini  C0l0ur*  rcfem- 

8  the  m,lky  Wi*y-  I"  the  morning  it  becomes 

brighter 


»  re(r,aiIr«"fI«ferVer  may  Vi'W  ^  rp°'S  °Fthe  fun  w,th 

one  of  ,2  ;nch  Pe°.  t’"°  °r  three  fcet.  or  a  refleaiog 

guard  the  eye  with  a'rf  T^r’  °r  ,wo  fc"’  taking  care  to 
c  §^a^s»  (o  take  off  the  glaring  light ; 

thro  Ima8e  °r  P'®urc  of  the  fun,  with  his  fpots,  may  be 
thrown  rntoa  dark  room,  through  a  telcfcope,  and  received 

at  pleafure^  °^3^Cr  P*ace<*  neareror  further  from  the  glafs 
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brighter  and  larger,  as  it  rifes  above  the  horixon, 
till  the  approach  of  day,  which  diminiihes  its 
fplendor,  and  renders  it  at  laft  invifible.  It's 
figure  is  that  of  a  flat  or  lenticular  fpheroid,  feen 
in  profile.  The  dircdion  of  it's  longer  axis 
coincides  with  the  plane  of  the  fun’s  equator. 
But  it’s  length  is  fubjed  to  great  variation,  fo 
that  the  diftance  of  it’s  fummit  from  the  fun, 
varies  from  45  to  1 20  degrees.  It  is  feen  to 
the  bed  advantage  about  the  folflices.  It  was 
firft  defcribed  and  named  by  Caflini,  in  1683; 
it  was  noticed  by  Mr.  Childrey,  about  the 
year  1650. 

Or  THE  INFERIOR  PLANETS,  MERCURY  AND 
Venus. 

Of  Mercury.  $ 

Of  all  the  planets,  Mercury  is  the  lead;  at 
the  fame  time,  it  is  that  which  is  neareft  the  fun. 
It  is  from  his  proximity  to  this  globe  of  light, 
that  he  is  fo  feldom  within  the  fphere  of  our  ob- 
fervation,  being  loft  in  the  fplendor  of  the  folar 
brightnefs,  yet  it  emits  a  very  bright  white  light. 
It  is  oftener  feen  in  thofe  parts  of  the  world, 
which  are  more  fouthward  than  that  which  we 
inhabit ;  and  oftener  to  us  than  to  thofe  who  live 
nearer  the  north  pole;  for  the  more  oblique 
the  fphere  is,  the  lefs  is  the  planet’s  elevation 
above  the  horizon. 


Mercury 
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Mercury  never  removes  but  a  few  degrees 
rom  the  lun.  fhe  meafure  of  a  planet’s  fepara- 
tl°n’  Qr  dlftance>  from  the  fun,  is  called  it's 
ongation.  His  greateft  elongation  is  little 
more  than  twenty-eight  degrees,  or  about  as  far 

/  j  n^oon  appears  to  be  from  the  fun,  the 
lecond  dav  afrpr  „ 

y  alter  new  moon.  In  fome  of  it’s 

££* 2grZ  *****  *  ~  —  «■« 

zmpV to  be  at  36'8+,>468 

87  days  hi  ’  ,  t0  reV°lve  round  h™  m 

meafure’of  it’s'ycar’  ab  “  ‘hc 

As  from  tlJ  ‘  ab°UC °nc-fourth  of  ours. 

"either  knwThTt’ *°^thtt  P'anctto  the  fun.  we 
round  lt,axis. 

u's  orbit,  we  are  neceffa  I  to  the  Plane  of 

ofit’s  day  and  night,  or  ‘th^variety  “f" 
maV  ^  liable  to.  Mercury  k 
diameter,  and  therefore  ^  3°°0  m‘leS  in 

•*.’74,400  fq„are  Jes  ^  in  fu^e 
when  thus confidered  an’  Ll lrSe  as  Mercury, 
atom,  when  com  -  a  PPC3rs  to  be>  1C  is  but  an 

meter  is  94000 mdes.  It's''  Jup'ttr>  "hofe  d>a- 
amcan  diftance  fm  .  apparent  diameter,  at 
M-cu^  2°mfiheearth>  “  20  feconds. 

‘r  °movcattheratcof 

*6,109,963  h-er  ht>Ur‘  The  fun  is 

would  Lpear  35  b,«  as  Merc«*y !  fo  that  it 
nearly  three  tim  i  ^  mhabitants  of  Mercury 

it’s  di(k  or  f  I'8"  tHan  iC  d°eS  W  us=  and 

•  face,  about  feven  times  the  fize  we 
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fee  it.  As  the  other  five  planets  are  above 
Mercury,  their  phaenomena  will  be  nearly  the 
fame  to  it  as  to  us.  Venus  and  the  earth,  when 
in  oppofition  to  the  fun,  will  fhine  with  full  orbs, 
and  aftord  a  brilliant  appearance  to  the  Mer¬ 
curian  fpe<5tator. 

Mercury,  like  the  moon,  changes  it’s  phafes, 
according  to  it’s  feveral  pofitions,  w  ith  refped  to 
the  fun  &and  earth.  He  never  appears  quite 
round  or  full  to  us,  bccaufe  his  enlightened  fide 
is  never  turned  direcbly  tow  ai  ds  us,  except  when 
he  is  fo  near  the  fun,  as  to  become  invifible. 
The  times  for  making  the  mod  favourable  ob- 
fervations  on  this  planet,  are,  when  it  palfes 
before  the  fun,  and  is  feen  tfaverfing  his  dilk,  m 
the  form  of  a  black  fpot.  This  paflage  of  a 
planet  over  the  face  of  the  fun,  is  called  a 
transit.  It  happens  in  it’s  lower  conjunftion, 
at  a  particular  fituation  ot  the  nodes;  which 
leads  us  to  mention  their  place  in  the  ecliptic. 

The  angle  formed  by  the  inclination  of  the 
orbit  of  Mercury  with  the  plane  of  the  eclip¬ 
tic,  is  6°  59';  the  node  from  which  Mercury 
afeends  northward,  above  the  plane  of  the  eclip¬ 
tic,  is  i6°  i'  30";  in  Taurus,  the  oppofite  one, 
J40  i'  24"  ;  in  Saggitarius,  it’s  nodes  move  for¬ 
ward  about  50"  per  year. 

If  Mercury,  at  his  inferior  conjun&ion,  comes 
to  either  of  his  nodes  about  thefe  times,  he  will 
appear  to  transit  over  the  dilk  of  the  fun* 

r  But 
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W  in  all  other  parts  of  his  orbit  his  conjunctions 
are  invifible,  becaufe  he  either  goes  above  or 
below  the  fun. 

Of  Venus.  9 

\  enus  is  the  brighteft  and  largeft,  to  appear¬ 
ance,  of  all  the  planets,  diftinguifhed  from  them 
all  by  a  fuperiority  of  luftre ;  her  light  is  of  a 
"vv  hite  colour,  and  fo  confiderable,  that  in  a  dufky 
place  file  projects  a  fenfible  lliade. 

The  diameter  of  Venus  is  9330  miles;  {lie 
contains  270,299,808  fquare  miles  ;  her  diftance 
from  the  fun  is  68,891,486  miles;  fhc  goes  round 

the  fun  in  224  days,  6  hours,  41  minutes,  mov¬ 
ing  at  the  rate  of  80,295^-^-  miles  per  hour. 
It’s  axis  is  inclined  to  the  plane  of  it’s  orbit,  in 
an  angle  of  75  degrees.  Her  orbit  makes  an 
angle  of  20  23'  with  the  ecliptic;  one  node 
is  at  the  140  43'  of  Gemini,  the  other  about  7 0 
5  S' in  Aquarius.  The  nodes  move  forward  31" 
per  year  ;  her  apparent  diameter  at  a  mean  dif¬ 
tance  from  the  earth,  is  1'  20".  Her  motion 
round  her  axis  has  been  fixed  by  fome  at  23 
hours;  by  others  at  above  24  days.  She,  like 
Mercury,  conftantly  attends  the  fun,  never  de¬ 
parting  fiom  him  above  47  or  48  degrees. 
Like  Mercury,  {he  is  never  feen  at  midnig.ht, 
or  in  opposition  to  the  sun,  being  vilible  only 
for  three  or  four  hours  in  the  morning,  or  even¬ 
ing,  according  as  {he  is  before  or  after  the  fun. 

One 


I 
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One  would  not  imagine  that  this  planet^ 
which  appears  fo  much  fuperior  to  Saturn  in  the 
heavens,  is  fo  inconfiderable  when  compared  to 
it;  for  the  diameter  of  Saturn  is  78,000  miles; 
while,  on  the  other  hand,  one  would  fcarce  ima¬ 
gine  that  Venus,  which  appears  but  as  a  lucid 
fpangle  in  the  heavens,  was  fo  large  a  globe  as 
ihe  truly  is,  her  diameter  being  9330  miles.  It 
is  the  diftance  which  produces  thefe  •  effeCts ; 
which  gives  and  takes  aw  ay  the  magnitude  of 
things.  Her  apparent  fize  varies  w  ith  her  dif¬ 
tance;  at  fome  feafons  {he  appears  nearly  32 
times  larger  than  at  others. 

When  this  planet  is  in  that  part  of  it’s  orbit 
which  is  weft  of  the  fun,  that  is,  from  her  inferior 
to  her  fuperior  conjunction,  {lie  rifes  before  him 
in  the  morning,  and  is  called  phosphorus,  or 
lucifer,  or  the  morning  star.  When  {he* 
appears  eaftof  the  fun,  that  is,  from  her  fuperior 
to  her  inferior  conjunction,  lhe  fets  in  the  even¬ 
ing  after  him;  or  in  other  words,  fliincs  in  the 
evening  after  he  fets,  and  is  called  besperus,  or 
vesper,  or  the  evening  star. 

The  inhabitants  ot  Venus  will  ice  the  planet 
Mercury  always  accompanying  the  lun;  and  he 
w  ill  be  to  them,  by  turns,  an  evening  or  a  morn¬ 
ing  ftar,  as  Venus  is  to  us.  To  the  fame  inha¬ 
bitants,  the  fun  will  appear  almoft  twice  as  large 
as  he  does  to  us. 


VenuS? 
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Venus,  when  viewed  through  a  telefcope,  is 
,Id°m  fecn  to  fhine  With  a  full  face;  but  has 
I  afes,  juft  like  the  moon,  from  the  firie  thin 
cre  cent  to  the  enlightened  hemifphere.  Her 
illuminated  part  is  conftarttly  turned  towards  the 
un;  hence  it’s  horns  are  turned  towards  the  eaft 
en  it  is  a  morning  ftar,  and  towards  the  weft 
l  J1  f  ,s  an  evening  ftar.  Some  aftronomers 
C ,  1  thCy  Perceived  a  Satellite  moving 

l  Cn,US>  ^Ul  as  Pucceeding  obfervers  have 
r>CCU  a  t0  verify  t^lcir  obfervations,  they 
ohr  Upp0lcJ  to  h4ve  originated  in  error.  In 
ervlng  the  tranfit  of  Venus,  Mr.  Dunn,  and 
,  W  guulemen,  faw  a  penumbra  which  took 
C  ,a  °ut  hve  fec°ods  before  the  contaft, 

fhcn«^  E'CrS  °f  the  pIanet=  and 

fp  e re  of  b  C°nC,Udcd*  th«  *  ^d  an  atmo- 
W  5°  gC°eraPhical  miles  in  height. 

We  are  told,  that,  when  Gopernicua  firft  pub. 
oiiS'roT01'",'  °f  thC  fokr  fyftem>  h  was 

oa'ufe^J  r  T  f  *  C°U'd  n0t  be  true-  bc* 
diff‘  w'  ^  P’‘anets  muft  havc 

fituati„r,wLa  accori,ing  »  their  different 
as  *ey  ala  .,  rC  pCa  t0  tht  fun  and  earth :  "  here¬ 
of  to  be  J,  ,f  Pf r  r0U'xl  t0  us-  The  anfwer 

r°und  to  the  evoh!  ^  that  they  appcar 
if  we  could  ha  ^  rcap)n  of  their  diftance;  but 
of  them,  vve  1! L  *  nf ai  cr>  or  more  diftind:  view 

*c  do  in  the  mr  £%!n  .thcm  the  fame  Phafe? 

‘foe  invention  of  telefcopes 
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is  raid  to  have  verified  this  prediction  of  Coper¬ 
nicus.  But  it  is  neither  probable,  that  a  defender 
of  the  Ptolemaic  fyftem  fhould  make  fuch  an 
objedtion,  or  Copernicus  fuch  an  anfwer ;  frnce  in 
the  Ptolemaic,  as  well  as  in  the  Copermcan  fyf¬ 
tem,  the  fhape  of  thefe  planets  ought  to  change, 
juft  as  the  moon  does;  confequently,  the  mere 
change  of  fliape  in  the  inferior  planets  is  an  argu¬ 
ment  which,  in  the  common  way  of  urging  it, 
proves  nothing  at  all  as  to  the  truth  or  falfhood 
of  the  Copernican  fyftem.  If,  befides  the  changes 
of  fhape  made  in  the  inferior  planets,  we  confi- 
derthe  flotation  of  the  planets  with  refpedt  to 
the  fun,  when  thefe  changes  happen;  this,  in¬ 
deed,  »ill  fhew  us,  that  the  Ptolemaic  fyftem  is 
falfe'*  as  will  be  feen  in  a  fubfequent  part  o 
thefe  effays. 

Taking  the  times  in  which  the  planets  move 
round  the  fun,  for  the  length  of  their  year ;  and 
the  times  of  their  turning  round  their  axes,  io< 
the  length  of  their  days  and  nights  together ;  an 
a  (fuming,  as  true,  the  obfervations  of  Bianchin', 
relative  to  the  rotation  of  Venus  round  her  axis! 
we  may  fay,  that  a  day  and  a  night  in  Venus  is  * 
long  as  23  i  days  and  nights  with  us ;  her  ax 
inclines  75  degrees  from  the  axis  of  her  orbit,  0 
which  account  the  length  of  her  days  and  mg^ 

*  Rutherford’s  Syfcm  of  Natural  Philolbphy,  vol.  * 

p.  78t. 
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filler  much  more  in  proportion,  and  the  varia¬ 
tion  of  her  feafons  is  greater  than  thofe  of  our 
earth.  She  very  feldom  has  the  forenoon  and 
afternoon  of  the  fame  day  of  an  equal  length. 
At  her  equator  fhe  has  the  four  feafons  twice 
every  year,  with  other  peculiarities,  which  are 
enumerated  in  larger  treatifeson  this  fubjedt. 

^  onus  is  fometimes  feen  palling  over  the  difk 
°  1 1C  ^un>  as  a  round  dark  fpot.  Thefe  appear- 
necs,  which  are  called  tranlits,  happen  very 
eldom ;  though  there  have  been  two  within  thefe 
ew  years,  the  one  in  June,  1761,  the  other  in 
June,  1-769  ;  the  next  will  be  in  the  year  1874. 

Of  the  Earth.  0 

The  next  planet  that  comes  before  us  is  the 
earth  that  we  inhabit;  fmali  as  it  really  is  when 
compared  to  fome  of  the  other  planets,  it  is  to  us 
oi  the  higheft  importance  :  we  with  only  to  attain 
knowledge  of  others,  that  we  may  find  out  their 
7 at  011  to  this,  and  from  thence  learn  our 
connection  with  the  univerfe  at  large.  But 
when  viewed  with  an  eye  to  eternity,  if.  value  to 
~  clShtcned  in  a  manner  that  exceeds  ex- 
,c  Ion,  and  furpafles  all  the  powers  of  the 
luman  mind.  He  alone  can  form  fome  idea  of 
in  the  regions  of  celellial  blifs  is  become 
parta  cr  of  the  length  and  breadth,  the  depth 
a,id  height,  of  divine  love. 
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The  orbit  of  the  earth  is  placed  between  thofe 
of  Venus  and  Mars.  The  diameter  of  the  earth 
is  7970  miles;  it’s  furface  contains  199,557,259 
fquare  miles;  it’s  diftance  from  the  fun  is 
95, 1 73,°oo  miles,  and  goes  round  him  in  a  year, 
moving  at  the  rate  of  68,243^  miles  per  hour. 
It’s  apparent  diameter,  as  leen  from  the  fun, 
is  about  2 1  feconds. 

It  turns  round  it’s  axis,  from  west  to  east, 
in  tw  enty-four  hours,  which  occafions  the  appa¬ 
rent  diurnal  motion  of  the  fun,  and  all  the 
heavenly  bodies  round  it,  from  east  to  west,  ip 
the  fame  time ;  it  is,  of  couife,  the  caufe  of  their 
rifing  and  letting,  of  day  and  night. 

The  axis  of  the  earth  is,  inclined  23!  degrees 
to  the  plane  of  it’s  orbit,  and  keeps  in  a  direction 
parallel  to  itfelf,  throughout  it’s  annual  courfe, 
which  caufes  the  returns  of  fpring  and  fummer, 
autumn  and  winter.  Thus  his  diurnal  motion 
gives  us  the  grateful  viciflitude  of  night  and  day, 
and  his  annual  motion  the  regular  fucceflion  of 
fcafons- 

Of  the  Moon.  ([ 

Next  to  the  fun,  the  moon  is  the  moft  fplendid 
and  {hining  globe  in  the  heavens,  the  fatellite, 
or  infeparable  companion  of  the  earth.  By 
diflipating,  in  fome  meafure,  the  darknefs  and 
horrors  pf  the  night ;  fubdividing  the  year  into 

months ; 
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months  i  and  regulating  the  flux  and  reflux  of 
1  le  fa ;  (he  not  only  becomes  a  plcafing,  but  a 
Welcome  objedt;  an  objeft  affording  much  for 
peculation  to  the  contemplative  mind,  of  real 
,  to  the  navigator,  the  traveller,  and  the 
hulbandman.  The  Hebrews,  the  Greeks,  the 
°mans,  and,  in  general,  all  the  ancients  ufed 
a^emble  at  the  time  of  new  moon,  to  dif- 
c  a^ge  the  duties  of  piety  and  gratitude  for  it’s 
Manifold  ufes. 

*1  bat  the  moon  appears  fo  much  larger  than 
.  C  °ther  planets,  is  owing  to  her  vicinity  to  us ; 
or  to  a  fpe&ator  in  the  fun  Hie  would  be 
reefy  vilible,  without  the  afliftance  of  a 
telefcope.  Her  diftance  is  but  fmall  from  us, 

* hen  compared  with  that  of  the  other  heavenly 
bodies  ;  for  among  thefe,  the  leaft  abfolute  dif. 
tance,  when  put  down  in  numbers,  will  appear 
great,  and  the  fmalleft  magnitude  immenfe. 

The  moon  is  2180  miles  in  diameter;  her 
bulk  is  in  proportion  to  the  earth  as  1  to  48 r% . 

Cr  dlftance  from  the  center  of  the  earth  240,000 
es;  flie  goes  round  her  orbit  in  27  days,  7 
°Urs>  43  minutes,  moving  at  the  rate  of 
2299i3o  miles  per  hour.  The  time  in  going 
und  the  earth,  reckoning  from  change  to 
°  lan&e>  29  days,  12  hours,  44  minutes.  Her 
•Apparent  diameter  at  a  mean  diftance  from  the 
Carth  ls  3 l'  1 ;  but  as  viewed  from  the  fun,  at 
a  mean  diftance  about  6". 
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Her  orbit  is  inclined  to  the  ecliptic,  in  an 
angle  of  5  degrees,  ,8  minutes,  cutting  it  in  two 
points,  which  are  diametrically  oppofite  to  each 
other  ;  thefe  points  are  called  her  nodes.  The 
nodeshave  a  motion  weftward,  or  contrary  to 
the  order  of  the  figns,  making  a  complete  revolu¬ 
tion  in  about  nineteen  years;  m  which  time, 
each  node  returns  to  that  point  of  the  ecliptic 
whence  it  before  receded. 

If  the  moon  were  a  body  poflefling  nat"<= 
light,  we  fhould  not  perceive  any  diverf.ty  ot 
appe  ranee;  but  as  Ihe  (hints  entirdy  by  light 
received  from  the  fun,  and  refledted  by  her  fur- 
face  it  follows,  that  according  to  the  fituat.on  of 
the  beholder  with  refpeft  to  the  illuminated 
part  that  he  will  fee  more  or  left  of  her  re- 
flefted  beams :  for  only  one  half  of  a  globe  can 

be  enlightened  at  once. 

Hence,  while  (he  is  making  her  revolution 
round  the  heavens,  (he  undergoes  great  changes 
in  her  appearance.  She  is  fomet.mes  on  our 
meridian  at  midnight,  and  therefore  in  that  part 
of  the  heavens  which  is  oppofite  to  the  fun ;  in’ 
this  fituation  ihe  appears  as  a  complete  circle, 
and  it  is  faid  to  be  full  moon.  As  (he  moves 
eaftward,  (he  becomes  deficient  on  the  weft  fide, 
and  in  about  71  days  comes  to  the  meridian,  at 
about  fix  in  the  morning,  having  the  appearance 

of  a  femicircle,  w  ith  the  convex  fide  turned  to¬ 
wards  the  fun;  in  this  (late,  her  appearance^ 
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called  the  half  moon.  Moving  on  ftill  eaft- 
"  ard,  fhe  becomes  more  deficient  on  the  weft, 
and  has  the  form  of  a  crefcent,  with  the  convex 
fide  turned  towards  the  fun ;  this  crefcent  be¬ 
comes  continually  more  (lender,  till  about  four¬ 
teen  days  after  the  full  moon  fhe  is  fo  near  the 
fun,  that  (lie  cannot  be  feen,  on  account  of  his 
great  fplcndor.  About  four  days  after  this  difap- 
pearance,  fhe  is  feen  in  the  evening,  a  little  to  the 
call  ward  of  the  fun,  in  the  form  of  a  fine  crefcent, 
with  the  convex  fide  turned  from  the  fun ;  mo¬ 
ving  ftill  to  the  eaftward,  the  crefcent  becomes 
more  full ;  and  when  the  moon  comes  to  the 
meridian,  about  fix  in  the  evening,  fhe  has  again 
the  appearance  of  a  bright  femicircle  j  advancing 
Hill  to  the  eaftward  fhe  becomes  fuller  on  the 
eaft  fide;  at  laft,  in  about  29  \  days,  fhe  is  again 
oppofite  to  the  fun,  and  again  full. 

It  frequently  happens,  that  the  moon  is  eclip- 
fed  when  at  the  full ;  and  that  the  fun  is  eclipfed 
fome  time  between  the  difappearance  of  the  moon 
in  the  morning  on  the  weft  fide  of  the  fun,  and 
her  appearance  in  the  evening  on  the  eaft  fide  of 
the  fun.  The  nature  of  thefe  phenomena  will 
be  more  fully  confidered,  when  we  come  to  treat 
particularly  of  eclipfes. 

In  every  revolution  of  the  moon  about  the 
earth,  fhe  turns  once  round  upon  her  axis,  and 
therefore  always  prefents  the  fame  face  to  our 
view ;  and  as,  during  her  courfc.round  the  earth, 
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the  fun  enlightens  fucceflively  every  part  of  her 
globe  only  once,  confequently  Ihe  has  but  one 
day  in  all  that  time,  and  her  day  and  night 
together  are  as  long  as  our  lunar  month.  As  we 
fee  only  one  fide  of  the  moon,  we  are  therefore 
invifible  to  the  inhabitants  on  the  oppofite  fide, 
without  they  take  a  journey  to  that  fide  which  is 
next  to  us,  for  which  purpofe  fome  of  them  mult 
travel  more  than  1 500  miles. 

As  the  moon  illuminates  the  earth  by  a  light 
reflected  from  the  fun,  (he  is  reciprocally  en¬ 
lightened,  but  in  a  much  greater  degree,  by  the 
earth;  for  the  furfacc  is  above  thirteen  times 
greater  than  that  of  the  moon ;  and  therefore, 
fuppoling  their  power  of  refle&ing  light  to  be 
equal,  the  earth  will  reflect  thirteen  times  more 
light  on  the  moon  than  the  receives  from  it. 
When  it  is  what  we  call  new  moon,  we  lhall  ap¬ 
pear  as  a  full  moon  to  the  Lunarians;  as  it 
increafes  in  light  to  us,  our’s  will  decreafe  to 
them :  in  a  word,  our  earth  will  exhibit  to  them 
the  fame  phafes  as  Ihe  does  to  us. 

We  have  already  obferved,  that  from  one  half 
of  the  moon  the  earth  is  never  feen  ;  from  the 
middle  of  the  other  half,  it  is  always  feen  over 
head,  turning  round  almoft  thirty  times  as  quick 
as  the  moon  does.  To  her  inhabitants,  the  earth 
feems  to  be  the  largeft  body  in  the  univerfe, 
about  thirteen  times  as  large  to  them,  as  Ihe  does 
to  us.  As  the  earth  turns  round  it’s  axis,  the 

feveral 
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feveral  continents  and  iflands  appear  to  the 
Lunarians  as  fo  many  fpots,  of  different  forms ; 
by  thefe  fpots,  they  may  determine  the  time  of 
the  earth’s  diurnal  motion ;  by  thefe  fpots,  they 
may,  perhaps,  meafure  their  time, — they  cannot 
have  a  better  dial. 

Of  the  superior  Planets, 

Mars,  Jupiter,  Saturn,  and  the  Georgium 
Sidus,  are  called  fuperior  planets,  becaufe  they 
are  higher  in  the  fyftcm,  or  farther  from  the 
center  of  it,  than  the  earth  is. 

They  exhibit  fevcral  phenomena,  which  are 
very  different  from  thofe  of  Mercury  and  Venus  ; 
among  other  things,  they  come  to  our  meridian 
both  at  noon  and  midnight*  and  are  never  feen 
croffing  the  fun's  difk. 

Of  Mars.  £ 

Mars  is  the  lead  bright  and  elegant  of  all  the 
planets  ;  it’s  orbit  lies  between  that  of  the  earth 
and  Jupiter,  but  very  dillant  from  both.  He 
appears  of  a  dufky  reddifh  hue ;  from  the  dull— 
nefs  of  his  appearance,  many  have  conje&ured 
that  he  is  encompaffed  with  a  thick  cloudy  atmo- 
fphere;  his  light  is  not  near  fo  bright  as  that  of 
Venus,  though  he  is  fometimes  nearly  equal  to 
her  in  fize. 
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Mars,  which  appears  fo  inconfiderable  in  the 
heavens,  is  5,400  miles  in  diameter,  91,608,956 
iquarc  miles  in  fuperficial  content.  It’s  diftance 
from  the  fun  is  145,014,148  miles.  It  goes  round 
the  fun  in  1  year,  321  days,  17  hours,  moving  at 
the  rate  of  55,287  miles  per  hour.  It  revolves 
round  it’s  axis  in  24  hours,  40  minutes ;  it’s  orbit 
is  inclined  to  the  ecliptic,  at  an  angle  of  i°  52' ; 
it’s  afcending  node  about  17°  17'  in  Taurus.  To 
an  inhabitant  in  Mars,  the  fun  would  appear  one- 
third  lefs  in  diameter  than  it  does  to  us.  It’s  ap¬ 
parent  diameter,  as  viewed  at  a  mean  diftance 
from  the  earth,  is  30  feconds. 

Mars,  when  in  oppofttion  to  the  fun,  is  five 
times  nearer  to  us  than  when  in  conjunction. 
This  has  a  very  viiible  efteCt  on  the  appearance 
of  the  planet,  cauling  him  to  appear  much  larger 
at  fome  periods  than  at  others. 

The  inclination  of  the  axis  to  it’s  orbit  is  61 0 1  8', 
and  confequently  the  obliquity  of  the  ecliptic  is 
28°42';  the  inclination  of  the  orbit  is  i°5i'j  the 
node  Taurus  2i°4. 

The  analogy  between  Mars  and  the  earth  is  by 
far  the  greateft  in  the  whole  folar  fyftem  ;  their 
diurnal  motion  is  nearly  the  fame ;  the  obliquities 
of  their  relpe&ive  ecliptics  not  very  different. 
Of  all  the  fuperior  planets,  that  of  Mars  is  by  far 
the  neareft  like  the  earth  :  nor  will  the  Martial 
year  appear  fo  diflimilar  to  our’s,  when  we  com¬ 
pare  it  with  the  long  duration  of  the  years  of 
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Jupiter  Saturn,  and  the  Georg, um  Sidus.  ft 
probably  has  a  confiderable  atmofphere;  for  be 
Wes  the  permanent  (pots  on  it  s  forfacc  Dr 
acrfrhtl  has  often  perceived  occafional  changes 
of  partial  bright  belts,  and  alfo  once  a  darktfl, 
one  m  a  pretty  high  latitude;  alterations  which 
we  can  attribute  to  no  other  caule  than  the  vari¬ 
able  dilpofttton  of  clouds  and  vapours  floating  in 
the  atmofphere  of  the  planet. 

A  fpectator  in  Mars  will  rarely,  if  ever,  fee 
Mercury,  except  when  they  foe  it  palling  over 
the  fun's  difk.  Venus  will  appear  to  him  at 
a  out  the  fame  diftance  from  the  fun,  as  Mercury 
appears  to  us.  The  earth  will  appear  about  the 
iK  of  Venus,  and  never  above  48  degrees  from 
the  fun;  and  will  be,  by  turns,  a  morning  and 
evening  ftar  to  the  inhabitants  of  Mars  It  ap 
pears,  from  the  moll  accurate  obforvations,  that 
Mars  IS  a  fpheroid,  or  flatted  fphere,  the  equa 
tonal  diameter  to  the  polar  being  in  the  propor¬ 
tion  of  about  ,3,  ,0  127,  and  lhtre  is  rcaf-on  w 

uppofo,  that  all  the  planets  are  of  this  figure. 

Of  Jupiter.  # 

Jupiter  is  fituated  (till  higher  in  the  fyfiem, 
revolving  round  the  fun,  between  Mars  and 

rn:.It,S  the  larSeft  of  ail  the  planets,  and 
eafily  diftinguiflied  from  th  m  by  his  peculiar 
toagnitude  and  light.  To  the  naked  eye  it  ap- 
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pears  almoft  as  large  as  Venus,  but  not  altogether 

fo  bright.  .  .  ,  . 

Jupiter  revolves  round  it’s  axis  in  9  hours,  56 
minutes ,  it’s  revolution  in  it’s  orbit  to  the  lame 
point  of  the  ecliptic  is  t  >  years,  3 1 3  days,  8  hours. 
The  difproportion  of  Jupiter  to  the  earth,  infize, 
is  very  great!  viewing  him  in  the  heavens,  we 
coufider  him  as  fmall  in  magnitude ;  whereas  he 
is  in  reality  94,°°°  in  dtamf.r-1  a"d 

27  7i9,«77*6o°  fliuare  mlles  in  fuPerficia  con; 

tent  •  his  diftance  from  the  fun  is  494,99°'976 
miles  ;  he  moves  at  the  rate  of  rather  more  than 
2o  083  miles  per  hour;  his  orbit  is  inclined  .0 
the  ecliptic,  at  an  angle  of  ,*  33”-  It’*  aPParent 
diameter,  as  feen  at  a  mean  diftance  from  the 

earth,  is  39"- 

To  an  eve  placed  in  Jupiter,  the  fun  would  not 
be  a  fifth  part  of  the  fize  he  appears  to  us  and 
his  difk  be  25  times  lefs.  Though  Jupiter  be  the 
largeft  of  all  the  planets,  yet  it’s  revolution  round 
it’s  axis  is  the  fwifteft.  The  polar  axis  is  {hotter 
than  theequatorial  one,  and  his  axis  perpendicular 

to  the  plane  of  his  orbit. 

Jupiter,  when  in  oppofition  to  the  fun,  is  much 
nearer  the  earth,  than  when  he  is  in  conjunction* 
with  him ;  at  thofc  times  he  appears  alfo  larger, 
and  more  luminous  than  at  other  times. 

In  Jupiter,  the  days  and  nights  are  of  an  equal 
length,  each  being  about  five  hours  long.  e 
have  already  obferved,  that  the  axis  of  h.s  diurnal 
1  .  1  rotation 
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rotation  is  nearly  at  right  angles  to  the  plane  of 

",s  annual  one.  and  confequently  there  can  be 
carce  any  difference  in  feafons ;  and  here,  as  fhr 
as  we  may  reafon  from  analogy,  we  may  difeover 
the  footfteps  of  wifdom  :  for  if  the  axis  of  this 
Planet  were  inclined  by  any  confiderable  number 
of  degrees,  juft  fo  many  degrees  round  each  pole 
"ould,  in  their  turn,  be  almoft  fix  years  in  darfc- 
c  s ,  and  as  Jupiter  is  of  fuch  an  amazing  fixe 
tn  this  cafe  immenfe  regions  of  land  would  be’ 
uninhabitable. 

Jupiter  is  attended  by  four  fatellites,  or  moons  - 
0  e  are  mvifible  to  the  naked  eye ,  but  through 
*  e'efCOpe  the>'  "take  a  beautiful  appearance. 

-  S  our  moon  turns  round  the  earth,  enlightening 

Z'Xr'  V  rcflefling  thc  ««*“  receive 

un,  o  there  alfo  enlighten  the  nights  of 
Jupiter,  and  move  round  him  in  different  oeriods 
of  time,  proportioned  to  their  feveral  diflanccs: 
ar>  as  the  moon  keeps  company  with  the  earth 
U’S  annual  evolution  round  thc  fun  ;  fo  thefe 
>  company  Jupiter  in  it’s  courfe  round  that 
mmmary. 

In  (peaking  of  the  fatellites,  we  diftinguilh 
’em  according  to  their  places,  into  the  firlf, 
je  fecond,  and  fo  on;  by  the  firlf,  we  mean  that 
"men  is  neareft  to  the  planet. 

The  outermoft  of  Jupiter’s  fatellites  will  ap¬ 
pear  almoft  as  big  as  the  moon  does  to  us ;  live 
times  the  diameter,  and  twenty-five  times  thc 

difk 
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dilk  of  the  fun.  The  four  fatellites  mutt  afford  a 
leafing  fpectacle  to  the  inhabitants  of  Jupiter; 
for  fonrctm.es  they  will  rife  all  together,  feme- 
limes  be  all  together  on  the  meridian,  ranged  one 
under  another,  befides  frequent  eclipfes.  Not- 
withftanding  the  diftance  of  Jupiter  and  his 
fatellites  from  us,  the  eclipfes  thereof  are  of 
confiderable  ufe,  for  afeertaining  with  accuracy 
the  longitude  of  places.  From  the  four  fatellites 
the  inhabitants  of  Jupiter  will  have  four  different 
kinds  of  months,  and  the  number  of  them  ill 
their  year  not  lefs  than  4,500. 

An  aftronomer  in  Jupiter  will  never  fee  Mer¬ 
cury,  Venus,  the  earth,  or  Mars  :  becaufe,  from 
the  immenfc  diftance  at  which  he  is  placed,  they 
mull  appear  to  accompany  the  fun,  and  rife  and 
fetwith  him;  but  then  he  will  have  for  the  ob- 
iedsof  obfervation,  his  own  four  moons,  Saturn, 
his  ring  and  fatellites,  and  probably  the  Gcor- 
gium  Sidus. 

Of  Saturn,  b 

Before  the  difeovery  of  the  Georgium  Sidus, 
Saturn  was  reckoned  the  mod  remote  planet  in 
our  fyftem ;  he  ftiinesbut  with  a  pale  feeble  light, 
lefs  bright  than  Jupiter,  though  lefs  ruddy  than 
Mars.  The  uninformed  eye  imagines  not,  when 
it  is  directed  to  this  little  fpeck  of  light,  that  it  is 
viewing  a  large  and  glorious  globe,  one  of  the 
miff  ftupendous  of  the  planets,  whole  diameter 
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is  -78,000  miles,  whofe  furface  contains 
x9» 1 13.494.400  fquarc  miles.  We  need  not, 
however,  be  furprized  at  the  vaft  bulk  of  Saturn, 
and  it’s  difproportion  to  it's  appearance  in  the 
heavens;  for  we  are  to  confider,  that  all  objects 
dccrcafe  in  their  apparent  magnitude,  in  propor¬ 
tion  to  their  diftance ;  but  the  diftance  of  Saturn 
is  immenfe;  that  of  the  earth  from  the  fun  is 
95>I73>°00  nhles;  of  Saturn,  907,956,130 
miles ! 

The  length  of  a  planet's  year,  or  the  time  of 
it's  revolution  round  it’s  orbit,  is  proportioned 
to  it’s  diftance  from  the  fun.  Saturn  goes  round 
the  fun  in  29  years,  167  days,  6  hours,  moving 
at  the  rate  of  rather  more  than  22,101  miles 
per  hour.  His  orbit  is  inclined  to  the  ecliptic, 
in  an  angle  of  20  13'.  His  apparent  diameter 
at  a  mean  diftance  from  the  earth  is  16". 

It  has  not  yet  been  afeertained  by  aftronomical 
obfervation,  whether  Saturn  revolves  or  not  upon 
his  axis :  we  are  therefore  ignorant  of  the  length 
of  his  day,  and  of  his  night.  The  fun’s  difk  will 
appear  ninety  times  lefs  to  an  inhabitant  of 
Saturn,  than  it  does  to  us;  but  notwithftanding 
the  fun  appears  fo  fmall  to  the  inhabitants  of  the 
regions  of  Jupiter  and  Saturn,  the  light  that  he 
will  afford  them  is  much  more  than  would  be 
at  firft  fuppofed  ;  and  calculations  have  been 
made,  from  which  it  is  inferred,  that  the  fun 
will  afford  500  times  as  much  light  to  Saturn,  as 
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the  full  moon  to  us;  and  1600  time3  as  much 
to  Jupiter.  To  eyes  like  our’s,  unaflifted  by  in- 
firuments,  Jupiter  and  the  Georgium  Sidus 
would  be  the  only  planets  feen  from  Saturn,  to 
whom  Jupiter  would  fometimcs  be  a  morning, 
fbmetimcs  an  evening  ftar. 

One  of  the  firft  difcoveries  of  the  telefcope, 
when  brought  to  a  tolerable  degree  of  perfe&ion, 
was,  that  Saturn  did  not  appear  like  other  planets. 
Galileo,  in  1610,  fuppofed  it  compofed  of  3  ftars, 
or  globes,  a  larger  in  the  middle,  and  a  fmaller 
on  each  fide ;  and  he  continued  his  obfervations 
till  the  two  leffer  ftars difappeared,  and  this  planet 
looked  like  the  others.  Further  obfervation  Ihew- 
ed>  that  what  Galileo  took  for  two  ftars,  were 
parts  of  a  ring.  This  lingular  and  curious  ap¬ 
pendage  to  the  planet  Saturn,  is  a  thin,  broad, 
opake  ring,  encompafling  the  body  of  the 
planet,  without  touching  it,  like  the  horizon  of 
an  artificial  globe,  appearing  double  when  viewed 
through  a  good  telefcope.  The  fpace  between 
the  ring  and  the  globe  of  Saturn,  is  fuppofed 
to  be  rather  more  than  the  breadth  of  the  ring, 
and  the  greateft  diameter  of  the  ring  to  be  in  pro¬ 
portion  to  that  of  the  globe,  as  7  to  3 ;  -the  piano 
of  the  ring  is  inclined  to  the  plane  of  the  eclip¬ 
tic,  in  an  angle  of  30°,  and  is  about  21,000  miles 
in  breadth.  It  puts  on  different  appearances 
to  us,  fometimes  being  feen  quite  open,  at  others 
only  as  a  line  upon  the  equator.  It  is  probable. 
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tot  it  will  at  times  cart  a  fhadow  over  vaft  re- 
gions  of  Saturn’s  body.  The  ring  of  Saturn 
•Confidercd  as  a  broad  flat  ring  of  folid  matter' 
fufpended  round  the  body  of  the  planet,  and 
.keeping  it’s  place  without  any  connexion*  with 
the  body,  is  quite  different  from  all  other 
planetary  phenomena  with  which  we  are  ac¬ 
quainted.  Of  the  nature  of  this  ring,  various 
,and  uncertain  were  the  conjectures  of  the  firfl: 
obfervers;  though  not  more  perplexed,  than  thofe 
°1  the  lateft.  Of  it’s  ufe  to  the  inhabitants  of 
Saturn,  we  are  as  ignorant  as  of  it’s  nature: 
though  there  are  reafons  for  fuppofing  that  it 
would  appear  to  them  as  little  more  than 
a  vvhite  or  bright-coloured  cloud.  Some  of 
the  phenomena  of  Saturn’s  ring  will  be 
treated  of  more  particularly  in  another  part  of 
this  eilay.  r 

Saturn  is  not  only  furnifhed  with  this  beautiful 
ring,  but  it  has  alfofevep  attendant  moons. 

Or  the  Georgium  Sidus. 

From  the  time  of  Huygens  and  Caffini,  to  the 
difeovery  of  the  Georgium  Sidus  by  Dr.  Her- 
fchd»  though  the  intervening  fpace  was  long, 
though  the  number  of  affronomers  was  increafed, 
tough  afliduity  in  obferving  was  aflifled  by  ac¬ 
curacy  and  perfection  in  the  inffruments  of 
pbfervation,  yet  no  nevy  difeovery  was  made  in 
5  the 
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the  heavens,  the  boundaries  of  our  fyftem  were 
not  enlarged.  The  inquifnive  mind  naturally 
inquires,  why,  when  the  number  of  thofe  that  cul¬ 
tivated  the  fcience  was  increafed,  when  the  fcience 
itfelf  was  fo  much  improved,  in  pradical  dif- 
coveries  it  was  fo  deficient?  A  fmall  knowledge 
of  the  human  mind  will  anfwcr  the  quell  ion, 
and  obviate  the  difficulty.  The  mind  of  man 
has  a  natural  propenfity  to  indolence;  the  ardour 
of  it’s  purfuits,  when  they  are  unconneaed  with 
felfiffi  views,  are  foon  abated,  fmall  difficulties 
difcourage,  little  inconveniences  fatigue  it,  and 
reafon  foon  finds  excufes  tojuftify,  and  even 
applaud  this  weaknefs.  I  n  the  prefent  inftance, 
the  unmanageable  length  of  the  telefcopes  that 
were  in  ufc,  and  the  continual  expofure  to  the 
cold  air  of  the  night,  were  the  difficulties  the 
aftronomer  had  to  encounter  with;  and  he 
foon  perfuaded  himfdf,  that  the  fame  effects 
would  be  produced  by  ffiorter  telefcopes,  with 
equal  magnifying  power ;  herein  was  his  mtf- 
*ake,  and  hence  the  reafon  why  fo  few  difeove- 
ries  have  been  made  fince  the  time  of  Caffini. 
A  fimilar  inftance  of  the  retrogradation  of 
fcience,  occurs  in  the  hiftory  of  the  microfcope, 
as  I  have  fhewn  in  my  effays  on  that  inftru- 
ment. 

The  Georgium  Sidus  was  difeovered  by  Dr. 
Herfchel,  in°the  year  1781  ;  for  this  difeovery 
he  obtained  from  the  Royal  Society  the  honorary 

recom- 
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pence  of  Sir  Godfrey  Copley',  medal.  H, 
name  the  planet  in  honour  of  his  Majefty 
Kmg  George  111.  the  Patron  of  fcience  who 
has  taken  Dr.  Herfchel  under  hi,  patron 

*"d  granted  him  an  annua,  faW  "  fivT' 

muntfieence  he  ha,  given  fcope  to '  a  very  ua 
common  genius,  and  enabled  him  to  profecute 
h-s  favourite  rtudie,  with  unremitted  ardour 
In  fo  recent  a  difeovery  of  a  planet  fo  diflant 
wany  particulars  cannot  be  expected  If 

of  the  Lrh  ’  COmpared  t0  that 

h,  as  431,769  to  i;  in  bulk  it  • 

is’ofT  M  “  'arge  “  the  earfh-  If,  light 
between  that  of  thi'teCOlOUr’  ^  ,Vs  bri‘hancy 

-a  planet  til,  the^ime^Dr^S^ 

•here  are  many  reafon,  to  fuppoff  i t tad  h  ^ 

edftantr  ^  COn<!dered«  a  fit 

^thefteadi^^^^ed 

!tUS23CT«!  ■*- 

he.  withoS  a  °meti  but  ln  a  little  time 

>  being  ftationary  in  the  time 

E  and 
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and  in  fuch  circumftances  as  correfpond  with 
fimilar  appearances  in  other  planets. 

With  a  telefcope,  which  magnifies  about  300 
times,  it  appears  to  have  a  very  well-defined 
vifible  difk  i  but  with  mftruments  ot  a  fmaller 
power  it  can  hardly  be  diftinguifhed  from  a  fixed 
flat  between  the  fixth  and  feventh  magnitude. 
When  the  moon  is  abfent,  it  may  alfo  be  feen 
by  the  naked  eye. 

Dr.  Herfchel  has  fince  difcovered  that  it  is 
attended  by  two  fatellites:  a  difcovery  which 
gave  him  confiderable  pleafure,  as  the  little 
fecondary  planets  feemedto  give  a  dignity  to 
the  primary  one,  and  raife  it  into  a  more  confpi- 
cuous  fituation  among  the  great  bodies  of  our 
folar  fyftem. 

As  the  diftances  of  the  planets,  when  marked 
in  miles,  are  a  burden  to  the  memory,  aftrono- 
mers  often  exprefs  their  mean  diftances  in  a 
fhorter  way,  by  fuppofing  the  diftance  of  the 
earth  from  the  fun  to  be  divided  into  ten  parts. 
Mercury  may  then  be  eftimated  at  four  of  fuch 
parts  from  the  fun,  Venus  at  feven,  the  earth 
at  ten,  Mars  at  fifteen,  Jupiter  at  fifty-two 
fuch  parts,  Saturn  at  ninety-five,  and  the  Geor- 
gium  Sidus  19Q  parts. 

By  comparing  the  periods  of  the  planets,  or 
the  time  they  take  to  finifti  their  revolutions, 
with  their  difiance  from  the  fun,  they  are  found 
tp  obfervea  wonderful  harmony  and  proportion 
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to  each  other  •  fnr  t-k« 

f  fun,  the  fo^er  dot  helnTft r'T  “  “ 

violabjy  obferve  in  f  UniVCrfe  in‘  ' 

TIMES  are  as  TB1  periodical 

prom  the  center  or  Z  o'  THE'R  °ISTANCES 

^BY  —  REV  r«roRMReT'rEIA;0^7'£t' 
We  are  indebted  to  rh.  r  motions. 

tf  ^or  Z\t2tKTr  toc 

WerftcfUndCrS  °f  m°dern  ^ 

thc  fo'RT  <yifcm°brtter  than  ^"T'  °f 

that  excellent  math  10  t  lc  'vor^s  of 

The  view  of  nZrc  T'an‘  Mr‘  Madaurin- 

object  of  fenfe  js  *  *  Kh  ,s  the  immediate 
ftiali  extent;  but  by  ^Jo*"**’  and  °f 
'be  aid  ofreaf0„  J  of  and 

«Celfin  infinity  ’  A ;comes  enlarged,  till  it  l0fcs 
ab<lradtedly  confident™8™11*  °f  evcT  *«. 
Creafed  to  infinitv  a  *  -1*  caPab*e  being  in. 

Cnd  *  fo  we  find  that  “  ^  d'VifibIe  with°w 

K'catefi  and  d'th«‘nnature  the  limks  of  thc 

dually  pTeei  ar  mCnfi°nS  °f'  « 

each  other.  “  'mmCnfe  di«a"ee  from 

Kiri  ::rr‘”  ■»  ^  *. «* 

otyefts  u  p  IOn‘  to  thc  univerfe.  The 

commonly  caJl  grcar>yani^  ^ 

2 
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the  vaft  body  of  the  earth.  The 
rerrTqueous  globe  itfelfis  loll  in  the  folar  fyftem , 
he  fun  itfclf  dwindles  into  a  far;  Saturn.  vaft 

orbit*  and  all  the  orbits  of  the  comets,  crowd 
„;nr  when  viewed  from  numberlefs 

pan  *  When  we  have  rifen  fo  high,  as  to 

Call  deftnite  meafures  far  behind  us.  we 
find  ourfelves  no  nearer  to  a  term,  or  limit. 

..  Our  views  of  nature,  however  imperfea, 
ferve  to  rcprefent  to  us.  in  a  moil  fenfib  c  man- 
,hat  mighty  power  which  prevails  .through¬ 
out’  ailing  with  a  force  and  efficacy  that  fuffers 
no  diminution  from  the  greateft  d,  (lances  of 
fpace  or  intervals  of  time;  and  to  prove  that  all 
things  are  ordered  by  infinite  wifdom.  and  per- 
feilgoodnefs.  Scenes  which  Ihould  excite  and 
animate  us  to  correfpond  with  the  general  har- 
mony  of  nature. 

or  THE  Shape  or  Fxgure  or  the  Earth. 

Having  given  a  general  idea  of  the  Copcrni- 
can  fyftcm,  and  the  bodies  of  whichit  iscompo 
fcd  it  will  be  neceffary  to  enlarge  thefe  ideas 
by  a  more  minute  defer, ption  of  the  particHa, 
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on  which  the  fyftem  is  founded.  £V'dCnCe’ 

We  have  already  obferved  that  the 

of  the  heavenly  bodies  is  not  the f PPCarance 

this  change  in  the  an  J  Caufe  of 

to  the  figure  of  thc  |f'™  W  of  the  heavens. 
ever  anfwer  to  the  f  ’  (for  aPP«trances  muff 

jSsssssrs* 

w°rld :  they  alio  ar<r  L  h’  an  hab;«ble 

forceS)  which  tend  to  one  ^  expofed  t0 

the  calc  with  l  <Tr*  *  is 

a  found  figure  Th  ’  “  ncccfrar|J)'  afliime 

•nodern  nh  i  r'  ,  T  ^  bowe'r<*.  of  the 

E  ? 

J  merits. 
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ments,  tbit  I  think  will  have  the  greateft  weight 

W'u  hknown^fcoin  the  laws  of  optics  and  per- 
,  1  ,w  if  anv  body,  in  all  iituat.ons,  and 

icfled  tow  ards  the  eaft,  or  the  weft,  the  north, 
ir  the  louth,  under  every  circumftance  it  is  cir¬ 
cular;  the  body,  therefore,  that  cads  the 
thadow,  which  is  the  earth,  muft  be  of  a  glo- 

bular  figure.  f 

•We  fliall  obtain  another  convincing  proot  ot 

the  globular  fliape  of  the  earth,  by  inquiring  in 

what  manner  a  perfon  ftanding  upon  the  coaft 

knows  is  to  arrive,  fees  that  veiici 
find,  that  he  firft  of  all,  and  at  the  greateft  dis¬ 
tance,  fees  the  top  of  the  maft  nfing  out  of  the 
water  •  and  the  appearance  is,  as  it  the  flup  was 
fallowed  up  in  the  w  ater.  As  he  contmues 
to  obferve  the  object,  more  and  more  of  the 
mart  appears;  at  length  he  begins  to  fee  the 
,0P  of  the  deck,  and  by  degrees  the  whole  body 
f  the  veffcl.  On  the  other  hand,  if  the  fhip  be 
departing  from  us,  we  firft  lofe  fight  of  the  hull, 
at  a  greater  diftaitce  the  main-fails  difappear, 
,„H  at  a  ftill  greater  the  top-fail.  But  if  thd 
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Jrfi.ce  of  the  fea  were  a  plane,  the  body  of  the 

WO“id  not  be  vifible  till  it  catnenearer  ^ 

con^  f'ifp0ffibIc’fl'1'  ^arcr,  iet  us 

r  *W°.fl,,P*  feting  -fea,  the  top.maft 
<ach  are  the  parts  firft  difeovered  by  both 
ie  hull,  &c.  being  concealed  by  the  convexity 

irs""  be"f“bw“~ 

en,  Who  approach  each  other  on  the  oppofite 

gradually  asth^'  W>"  ^  M  feen'  and 
entirely  f’  “ the  «**  ™mc 
tional  method  of  ft">mhence“  derived  a  ra- 
fhip,  whllt  c,mat,ngthe  di«a"ce  of  a 

namely,  of obferving.^Iw  low  t3'6"”2  P“P,C‘ 
headlT  hhat  i$  t0  tHe  ““  “  "be  mart! 
«owly  defce  ‘dsTSrhnnhe  ^  %ht*  -d 

no  In  "  b/  the  lllrowds.  'i“  <he  becomes 
"0  longer  vifible.  The  lefsthe  d, (lance,  the  lower 
may  defeend  before  flie  difappears  If  oh 

tsr?S‘“‘e— 

tancein  rft'l,more  eemarkabie.as  thedif- 
tvill  app/art5  b  the  ftiP  in  %bt 

fed  or  m  T  T  m°re  “nd  more  ,mmer- 
•  r  to  rife  gradually  out  of  the  water. 

ConfidemrrUth.iSufUlly  eV'nCed  by  the  Allowing 
earth  h  10n  ’  ‘  **  P'‘pS  have  faiIcd  round  the 
eth,  have  gone  out  to  the  wed  ward,  and  have 
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come  home  from  the  eaftwardi  or  in  other 
words,  the  Ihips  have  kept  the  fame  courfe,  and 
vet  returned  from  the  oppofite  fide  into  the  har¬ 
bour  whence  they  firtt  faded.  Now  we  are  certain 
that  this  could  not  be  the  cafe,  if  the  earth  were  . 
a  plane ;  for  then  a  perfon,  who  fhould  fet  out 
for  any  one  point,  and  go  on  ftrait  forward, 
without  flopping,  would  be  continually  going 
further  tiom  the  point  from  which  he  fet  out. 
This  argument  may  be  much  elucidated,  by 
referring  the  pupil  to  a  terreftrial  globe,  on 
which  he  may  follow  the  tracks  of  an  Anfon  and 

a  Cook  round  the  world. 

Fig.  i  and  2,  plate  II.  are  illuftrations  of  the 

foregoing  principles.  Fig.  i,  Ihews  that  if  the 
earth  was  a  plane,  the  whole  of  a  (hip  would  be 
feen  at  once,  however  diftant  from  the  fpedtator, 
and  that  whether  he  was  placed  at  the  top  or 
bottom  of  a  hill.  From  fig.  2,  it  appears,  that 
the  rotundity  of  the  earth,  reprefented  by  the 
circle  A  B  C,  conceals  the  lower  part  of  the  (hip 
dt  while  the  top-maft  is  ftill  vifible ;  and  that  it 
is  not  till  the  Ihip  comes  to  e  that  the  whole  ol  it 
is  vifible. 

The  following  remarks  evince  the  fame  truth. 
Obferve  any  ftar  near  the  northern  part  of  the 
horizon,  and  if  you  travel  to  the  fouth,  it  will 
feem  to  dip  farther  and  farther  downwards,  till 
by  proceeding,  it  will  de/cend  entiicly  out  ol 
fjgfit.  In  the  mean  time,  the  ftars  to  the  fouth- 

B  -  ward 


A 


ASTRONOMICAL  ESSAYS. 


73 


ward  of  our  traveller  will  feem  to  rife  higher  and 
higher.  The  contrary  appearances  would  hap¬ 
pen,  if  he  went  to  the  northward.  This  proves 
that  the  earth  is  not  a  plane  fur  face,  but  a  curve 
in  the  direction  fouth  and  north.  By  an  obfer- 
vation  nearly  limilar  to  this,  the  traveller  may 
prove  the  curvature  of  the  earth,  in  an  eaft  and 
weft  dire&ion. 

The  globular  figure  of  the  earth  may  be  alfo 
inferred  from  the  operation  of  levelling,  or  the 
art  of  conveying  water  from  one  place  to  another: 
for  in  this  procefs,  it  is  found  neceflary  to  make 
an  allowance  between  the  true  and  apparent 
level;  or  in  other  words,  for  the  figure  of  the 
earth.  For  the  true  level  is  not  a  ftrait  line, 
but  a  curve  which  falls  below  the  ftrait  line 
about  eight  inches  in  a  mile,  four  times  eight  in 
tw  o  miles,  nine  times  eight  in  three  miles,  fix- 
teen  times  eight  in  four  miles,  always  increaling 
as  the  fquare  of  the  diftance. 

What  the  earth  lofes  of  it’s  fphericity  by  moun¬ 
tains  and  vallies,  is  very  inconfiderable ;  the 
higheft  eminence  bearing  fo  little  proportion  to 
it’s  bulk,  as  to  be  fcarcely  equivalent  to  the 
minuteft  protuberance  on  the  furface.  of  a  lemon. 

Jt  is  proper,  however,  to  acquaint  the  young' 
pupil,  that  though  w  e  call  our  earth  a  globe,  and 
that  when  fpeaking  in  general  terms,  it  may  be 
confidercd  as  fuch  ;  yet  in  the  ftridnefs  of  trutj?, 
it  muft  be  obferved,  that  it  is  not  exactly  :and 

perfe&ly 
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fphcroid,  flattened  a  little  towards  the  poles,  and 
fuelling  at  the  equator  ;  the  equatorial  diameter 
being  about  thirty-four  miles  longer  than  the 
diameter  from  pole  to  pole.  This  dilfcrence 
bears,  therefore,  too  fmall  a  portion  to  the 
diameter,  to  be  reprefented  on  globes.  M.  Caf- 
lini,  from  Picart’s  mcafure  of  a  degree,  aflerted, 
that  the  earth  was  an  oblong  or  prolate  fpheroid, 
flattened  at  the  equator,  and  protuberant  at  the 
poles;  while  Newton  and  Huygens,  from  a  con- 
fideration  of  the  known  laws  and  the  diurnal 
motion  of  the  earth,  concluded  that  the  figure  of 
the  earth  w  as  that  of  an  oblate  fpheriod  flattened 
at  the  poles,  protuberant  at  the  equator.  To  decide 
this  important  queftion,  Louis  XIV.  ordered  tw  o 
degrees  of  the  meridian  to  be  meafured  oneunder 
the  equator,  the  other  as  near  the  pole  as  poflible. 
For  this  purpofe,  the  Royal  Academy  of  Sciences 
fent  Meffl  Maupertuis,  Clairaull,  Camus,  and 
Le  Monnier,  to  Lapland :  they  fet  out  from 
France  in  1 73  5,  and  returned  in  the  fpring  of  the 
year  1736,  having  fatisfa&orily  accomplifhed  the 
purpofe  for  which  they  w^ere  Tent.  Melf.  Godin, 
Condamine.and  Bouguer  were  fent  on  thefoiithern 
expedition;  to  thefe  the  King  of  Spain  joined 
Don  George  Juan,  and  Don  Anthony  de  Ulloa, 
who  left  Europe  in  the  year  1735,  and 
after  encountering  innumerable  hardfhips 
and  difficulties,  returned  to  Europe  in  diffc- 
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rent  times,  and  by  different  ways,  in  1744, 
1745,  1746.  The  refult  of  this  arduous  talk 
was  a  complete  confirmation  of  Newton’s  theo¬ 
retical  inveftigation.  The  difference  between  the 
equatorial  and  polar  dimenfions,  when  compared 
with  the  earth’s  femidiameter,  is  but  an  incon- 
fiderable  quantity,  amounting  in  the  w hole  to 
an  elevation  of  little  more  than  i6f  of  3970  ; 
that  is,  to  lefs  than  a  240th  part  of  the  diftance 
from  the  furface  of  the  earth  to  the  center.  If 
a  meridional  fedion  of  fuch  a  fpheroid  were 
laid  down  upon  paper,  the  eye  would  not 
diftinguifh  it  from  a  perfed  circle. 

Of  the  diurnal  Motion  of  the  Earth. 

Though  it  is  this  motion  which  gives  us  the 
grateful  viciflitude  of  day  and  night,  adjufted  to 
the  times  of  labour  and  reft;  yet  young  people 
generally  find  fome  difficulty  in  conceiving  that 
the  earth  moves ;  the  more  fo,  becaufe,  in  order 
to  allow  it,  they  muft  give  up,  in  a  great  mca- 
fure,  the  evidence  of  their  exterior  fenfes,  of 
which  the  impreffions  are  at  their  age  exceed¬ 
ing  ftrong  and  lively.  It  will,  therefore,  be 
neceffary  for  the  tutor  to  prove  to  them,  that 
they  can  by  no  means  infer  that  the  earth  is  at 
reft,  becaufe  it  appears  fo,  and  convince  them 
by  a  variety  of  fads,  that  reafon  was  given  to 
corred  the  fallacies  of  the  fenfes. 

To  this  end  we  fhall  here  point  out  fome  in- 

ftances. 
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fiances,  where  apparent  motion  is  produced  in 
a  body  at  reft,  by  the  real  motion  of  the  fpec- 
tator.  Let  us  luppofe  a  man  in  a  ftiip  to  be 
carried  along  by  a  brifk  gale,  in  a  direction  pa¬ 
rallel  to  a  fhore,  at  no  great  diftance  from  him* 
while  he  keeps  his  eye  on  the  deck,  the  maft, 
the  fails,  or  any  thing  about  the  fhip ;  that  is  to 
fay,  w  hile  he  fees  nothing  but  fome  part  of  the 
velfel  on  board  of  which  he  is,  and  confequently 
every  part  of  which  moves  with  him,  he  will 
not  perceive  that  the  ftiip  moves  at  all.  Let 
him,  after  this,  look  to  the  fhore,  and  he  will  fee 
the  houfes,  trees,  and  hills,  run  from  him  in  a 
direction  contrary  to  the  motion  of  the  veflel ; 
and  fuppoftng  him  to  have  received  no  previous 
information  on  this  fubjeCf,  he  might  naturally 
conclude,  that  the  apparent  motion  of  thefe 
bodies  was  real. 

In  a  fimilar  fituation  to  this,  we  may  conceive 
the  inhabitants  of  the  earth ;  who,  in  early  times, 
knowing  nothing  of  the  true  ftruCture  or  laws 
of  the  univerfe,  faw  the  fun,  the  ftars,  and  the 
planets,  rife  and  fet,  and  perform  an  apparent 
revolution  about  the  earth.  They  had  no  idea 
of  the  motion  of  the  earth,  and  therefore  all  this 
appearance  feemed  reality.  But  as  it  is  highly 
reafonable  to  fuppofe,  that  as  foon  as  the  flight- 
eft  hint  fhould  be  given  to  the  man,  of  the  mo¬ 
tion  of  the  veflel,  he  would  begin  to  form  a  new 
opinion,  and  conceive  it  to  be  more  rational, 
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that  fo  fmall  a  thing  as  the  fhip  fhoul.d  move, 
rather  than  all  that  part  of  the  earth  which  was 
open  to  his  view  j  fo,  in  the  fame  manner,  no 
fooner  w  as  an  idea  formed  of  the  vaft  extent  and 
greatnefs  of  the  univerfe,  with  refpeCt  to  this 
earth,  than  mankind  began  to  conceive  it  would 
be  more  rational  that  the  earth  fhould  move,  than 
the  whole  fabric  of  the  heavens. 

By  another  familiar  inftance,  it  will  be  eafy  to 
fhew  the  young  pupil,  that  as  the  eye  does  not 
perceive  it’s  own  motion,  it  always  judges  from 
appearances.  Let  a  perfon  go  into  a  common 
windmill,  and  defire  the  miller  to  turn  the  mill 
round,  while  he  is  fitting  w  ithin  it  with  his  eyes 
fixed  on  the  upright  poll  in  the  center  thereof; 
this  poll,  though  at  reft,  will  appear  to  him  to 
turn  round  with  confiderable  velocity,  the  real 
motion  of  the  mill  being  the  caufe  of  the  appa¬ 
rent  motion  of  the  fwivel  poft.  Sea-faring  peo¬ 
ple  are  furnilhed  with  various  inftances  to  illus¬ 
trate  this  fubjeft;  thofe  who  are  bufy  in  the  hold 
of  a  fhip  at  anchor,  cannot  by  any  perception 
determine  w  hether  the  fhip  has  fwung  round  or 
not  by  the  turn  of  the  tide.  When  a  fhip  firft  gets 
under  way  with  a  light  breeze,  flic  may  be  going 
at  a  good  rate  before  thofe  w  ho  are  between 
decks  can  perceive  it.  Having  thus  obviated 
the  objections  which  arife  from  the  teftimony 
of  the  fenfes,  we  may  now  proceed  toconfider  the 
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arguments  which  tend  more  diredtly  to  prove 
the  motion  of  the  earth. 

All  the  celeftial  motions  will,  on  this  fup- 
pofition,  be  incomparably  more  fimple  and 
moderate. 

This  opinion  is  much  more  agreeable  to  our 
notions  of  final  caufes,  and  our  knowledge  of  the 
ceconomy  of  nature ;  for  if  the  earth  be  at  reft, 
and  the  ftars,  &c.  move  round  it  once  in  24 
hours,  their  velocity  muft  be  immenfe  ;  and  it  is 
certainly  more  agreeable  to  reafon,  that  one 
fingle  body,  and  that  one  of  the  fmalleft,  fhould 
revolve  on  it’s  own  axis  in  24  hours,  than  that 
the  whole  univerfc  Ihould  be  carried  round  it,  in 
the  fame  time,  with  inconceivable  velocity. 

The  rotation  of  the  earth  round  its-  axis  is 
analogous  to  what  is  obferved  in  the  fun,  and 
moft  cf  the  planets  j  it  being  highly  probable, 
that  the  earth,  which  is  itfelf  one  of  the  planets, 
fhould  have  the  fame  motion  as  they  have,  for 
producing  the  fame  effedt :  and  it  would  be  as 
abfurd  in  us  to  contend  for  the  motion  of  the 
whole  heavens  round  us  in  24  hours,  rather  than 
allow  a  diurnal  motion  to  our  globe,  as  it  would 
be  for  the  inhabitants  of  Jupiter  to  infill  that  our 
globe,  and  the  whole  heavens,  muft  revolve 
round  them  in  ten  hours,  that  all  it’s  parts  might 
fucceflively  enjoy  the  light,  rather  than  grant  a 
diurnal  motion  to  their  habitation. 
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All  the  phenomena  relative  to  this  fubjeft,  arc 
as  eafily  folved  on  the  fuppolition  of  the  earth’s 
motion,  as  on  the  contrary  hypothefis. 

The  truth  of  the  foregoing  pofition  is  pleafingly 
illuftrated  by  the  armillary  fphere,  which  is  fhewn, 
2»  ph  XIII.  The  exterior  circles  reprefent 
the  fphere  of  the  heaven  ;  within  thefe,  and  in  the 
center  of  the  fphere,  is  placed  a  little  globe,  fup- 
ported  by  a  fteel  axis,  a  and  b  are  two  milled 
nuts.  By  moving  the  nut  a ,  the  fmall  globe 
may  be  turned  round  the  fame  way  we  fuppofe 
our  earth  to  revolve,  while  the  outer  part,  or 
fphere,  remains  fixed ;  but  if  the  nut  b  be  tur¬ 
ned  the  contrary  w  ay,  the  fphere  will  move  round 
the  globe,  the  fame  way  as  the  heavens  appear 
to  move.  Thus,  by  this  machine,  the  real  mo¬ 
tion  of  the  earth  round  it’s  axis,  within  the  fphere 
of  the  heavens,  or  the  apparent  motion  of  the 
heavens  round  the  earth,  may  be  reprefented  * 
and  it  fhews,  that  the  refult  of  the  various  pro¬ 
blems  are  the  fame,  whether  we  fuppofe  the 
heavens  to  move  round  the  earth*  or  the  earth 
to  revolve  on  it’s  axis. 

Befides  the  foregoing  confiderations,  there  are 
feveral  arguments  to  be  deduced  from  the  higher 
parts  of  aftronomy,  which  demonftrably  prove 
the  diurnal  motion  of  the  earth. 

Definitions. 

Before  we  enter  into  a  further  explanation  of 
phenomena,  it  will  be  neceflary  to  define  fomc 
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of  the  principal  circles  of  the  globe.  The  reader 
•will  comprehend  more  fully  thefe  definitions, 
and  attain  more  accurate  ideas  of  thefe  circles,  by 
placing,  while  he  is  reading  them,  a  terreftrial 
globe,  or  armillary  fphere,  before  him.  It  may, 
however,  be  neceflary  to  premife,  that  we  are  at 
liberty  to  fuppofc  as  many  circles  as  we  pleafe, 
to  be  deferibed  on  the  earth ;  and  the  plane  of 
any  of  thefe  to  be  continued  from  the  earth,  until 
it  marks  a  correfponding  circle  in  the  concave 
fphere  of  the  heavens. 

Among  thefe  circles,  the  horizon  is  the  moft 
frequently  named.  Properly  fpeaking,  there  are 
two  circles  called  by  this  name,  but  diftinguilhed 
from  each  other  by  added  epithets,  the  one  being 
called  the  sensible,  the  other  the  rational 

HORIZON. 

In  general  terms,  the  horizon  may  be  defined 
to  be  an  imaginary  circle,  that  feparates  the 
vifible  from  the  invifible  part  of  the  heavens. 

If  a  fpectator  fuppofes  the  floor  or  plane  on 
which  he  ftands,  to  be  extended  every  way,  till 
it  reach  the  flarry  heavens,  this  plane  is  his 
sensible  horizon. 

The  rational  horizon  is  a  circle,  whofe 
plane  is  parallel  to  the  former,  but  palling 
through  the  center  of  the  earth. 

The  rational  horizon  divides  the  concave 


fphere  of  the  heavens  into  equal  parts,  or  hemi- 
fpheres ;  the  objects  that  are  in  the  upper  hemi- 
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fphere  will  be  vifible;  fuch  as  are  in  the  lower 
hemifphere  will  be  invilible  to  the  fpe&ator. 

7  nough  the  globe  ot  the  earth  appears  fo  large 
to  thofe  who  inhabit  it,  yet  it  is  fo  minute  a  lpeck> 
when  compared  to  the  immenfe  fphere  of  the 
heavens,  that  at  that  diftance  the  planes  of  the 
rational  and  fenlible  horizons  coincide ;  or  in 
other  words,  the  diftance  between  them  in  the 
fphere  of  the  heavens,  is  too  fmall  for  admeafure- 
ment. 

To  illuftrate  this,  let  A  B  C  D,  fig.  i,  plate 
HI.  reprefent  the  earth;  zhno  the  fphere  of 
the  ftarry  heaven.  If  an  inhabitant  of  the  earth 
ftands  upon  the  point  A,  his  fenlible  horizon  is 
fet  his  rational  one  h  o ;  the  diflance  between 
the  planes  of  thefe  two  horizons  is  A  F,  the 
femidiameter  of  the  earth,  which  is  meafured  in 
a  great  circle  upon  the  fphere  of  the  heaven,  by 
the  angle  el  o,  or  the  arc  e  o ;  this  arch  in  fo 
fmall  a  circle,  as  z  h  n  o,  would  amount  to  feveral 
degrees,  and  confequently  the  dilference  betw  een 
the  fenlible  and  the  rational  horizon  would  be 
great  enough  to  be  meafured  by  obfervation.  If 
"  e  rePrefcnt  the  fphere  of  the  heaven  by  a  larger 
circle,  the  femidiameter  of  the  earth  A  F  mea¬ 
fured  in  this  circle,  will  amount  to  fewer  degrees ; 
for  the  arc  E  O  is  lefs  than  the  arc  co;  and  the 
larger  the  fphere  of  the  heaven  is,  in  proportion 
to  the  globe  of  the  earth,  the  lefs  fenlible  is  the 
ifference  between  the  two  horizons.  Now  a* 
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the  fphcre  of  the  earth  is  but  as  a  point,  when 
compared  to  the  flarry  heaven,  the  difference 
between  the  fenfible  and  rational  horizon  will  be 

infenfible.  .  , 

From  what  has  been  faid,  it  appears  that  the 
only  diftinction  between  the  fenftble  and  rational 
horizon,  arifes  from  the  diftancc  of  the  objeft  we 

are  looking  at.  . 

The  sensible  horizon  is  an  imaginary  circle, 
which  terminates  cur  view,  when  the  objects  we 
are  looking  at  are  upon  the  earth's  furface. 

The  rational  HORIZON  is  an  imaginary  circle, 
which  terminates  our  view,  when  the  objefts  we 
are  looking  at  are  as  remote  as  the  heavenly 
bodies. 

As  the  rational  horizon  divides  the  apparent 
celeftial  fphere  into  two  equal  hemifpheres,  and 
ferves  as  a  boundary,  from  which  to  meafure  the 
elevation  or  depreffion  of  celeftial  objelft. ;  thofc 
in  the  upper,  or  viftble  hemifphere,  are  faid  to 
be  high,  or  elevated,  above  the  horizon  ;  and 
thofe  in  the  other  hemifphere  are  called  low,  or 
below  the  horizon. 

The  earth  being  a  fpherical  body,  the  horizon, 
or  limits  of  our  view,  mull  change  as  we  change 
our  place ;  and  therefore,  every  place  upon  the 
earth  has  a  different  horizon.  Thus  if  a  man 
lives  at  a,  fig.  2,  plate  111.  his  horizon  is  <5  C: 
if  he  lives  at  b,  bis  horizon  is  H  D :  if  at  e,  it  is 
A  E.  From  hence  we  obtain  another  proof  of 
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thc  Sphericity  of  the  earth  ;  for  if  it  were  flat,  all 
the  inhabitants  thereof  would  have  the  fame 
horizon. 

The  point  in  the  heavens,  which  is  dire&ly 
over  the  head  of  a  fpeclator,  is  called  the  zenith. 

1  hat  point  which  is  dire&ly  under  his  feet,  is 
called  the  nadir. 

If  a  man  lives  at  a,  fig.  2,  plate  III.  his 
zenith  is  A,  his  nadir  E.  If  he  lives  at  b,  his 
zenith  is  B,  his  nadir  F;  confequently  the  zenith 
and  horizon  of  an  obferver  remains  fixed  in  the 
heavens,  fo  long  as  he  continues  in  the  fame 
place;  but  he  no  fooner  changes  his  pofition, 
than  the  horizon  touches  the  earth  in  another 
point,  and  his  zenith  anfwers  to  a  different  point 
in  the  heavens. 

The  axis  of  the  earth,  is  an  imaginary  line, 
conceived  to  be  drawn  through  the  center  of  the 
earth,  upon  which  line  it’s  revolutions  are  made. 

The  poles  of  the  earth,  are  the  extremities  of 
it’s  axis,  or  thofe  two  points  on  it’s  furface, 
where  it’s  axes  terminate  ;  one  of  thefe  is  called 
the  north,  and  the  other  the  south  pole.  The 
poles  of  the  heavens,  or  of  the  world,  are  thofe 
two  points  in  the  heavens,  where  the  axis  of’ the 
earth,  if  produced,  would  terminate;  fo  that  the 
north  pole  of  the  heavens  is  exa&ly  over  the 
ttorth  pole  of  the  earth,  and  the  fouth  pole  of  the 
cavens  is  direflly  over  the  fouth  pole  of  the  earth* 

F  2  Th« 
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The  e^ator,  is  an  imaginary  circle,  which  rs 
funpofed  to  be  drawn  round  the  earth's  furfacc, 
in  the  middle  between  the  two  poles.  It  divides 
the  earth  into  two  equal  parts,  one  of  which  is 
called  the  northern,  the  other  the  southern 

HEMISPHERE. 

If  we  fuppofe  the  plane  of  the  earth’s  equator 
to  be  extended  all  ways,  as  far  as  the  heavens,  it 
w  ill  mark  there  a  circle,  that  will  divide  the  hea¬ 
vens  into  two  equal  parts ;  this  circle  is  called 
fometimes  the  equinoctial,  fometimes  the 

CELESTIAL  EQUATOR. 

The  meridian  of  any  place,  is  a  circle  fup- 
pofed  to  pafs  through  that  place  and  the  poles  of 
the  earth  j  we  may  therefore  imagine  as  many 
meridians  as  there  are  places  upon  the  earth, 
becaufe  any  place  that  is  ever  fo  little  to  the  call  or 
weft  of  another  place,  has  a  different  meridian. 

By  the  foregoing  definition,  we  fee  that  the 
meridian  of  any  place  is  immoveably  fixed  to  that 
place,  and  carried  round  along  with  it  by  the 
rotation  of  the  earth.  The  meridian  marks  upon 
the  plane  of  the  horizon  the  north  and  fouth 
points. 

The  circle  which  the  fun  appears  to  deferibe 
every  year,  in  the  concave  fphere  of  the  heavens, 
is  called  the  ecliftic.  It  is  thus  denominated, 
becaufe  in  all  cclipfes  the  moon  is  either  in  or 
near  the  plane  of  it.  But  as  the  earth  moves 
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round  .he  fun,  in  the  plane  of  .he  ecliptic,  it  is 
Hkcwtft  the  plane  of  the  earth’s  orbit. 

It  we  conceive  a  zone,  or  belt,  about  fixtecn 
agrees  hroad  in  the  concave  fpherc  of  the  hca 
ven,  with  the  ecliptic  palling  through  the  middle’ 
0  it,  this  zone  is  called  the  zodiac.  The  Oars 
Wlhe  zodiac  were  divided  by  the  ancients  .nto 
twelve  equal  parts  or  iigns,  to  correfpond  with 
he  months  ol  the  year ,  and  becaufe  the  number 
twelve  with  them  was  always  expreffivc  of  ful- 
,  or  completion,  it  is  ufed  in  that  fenfe  in 
acred  writ.  The  iigns  are  named,  Aries,  Taurus 

,m“':  Cancer-  Virgo,  Libra,  Scorpio,’ 
agittarius,  Capricornus,  Aquarius,  Pifces. 

We  may  imagine  as  many  circles  as  we  pleafe 
awn  on  the  globe,  parallel  to  the  equator,  and 
tl  efe  wd'  decreafe  in  .heir  diameter,  as  they  ap¬ 
proach  nearer  the  poles.  The  raor.es  are 
WTer  circles  of  this  kind,  parallel  to  the  equator, 
23!  degrees  diftant  from  it;  one  in  the 
northern  hemisphere,  which  is  called  the  raor.c 

called".?*8  thcothcrm  the  fouthern,  which  is 
ceive  rhhC  ?°F'C  °’  CAPR,C0KN-  f<'  we  con- 
,heIe‘h;hPa7  °f  thcfe  circl«  expanded,  .ill 
y  each  the  harry  heaven,  the  fun  will  be  feen 
o  move  ln  that  circle  which  correfponds  to  the 
of  cancer  on  the  longeft  fummer's  day' 

can  m  '  'at  Clrcle  whlch  anfwers  to  the  tropic  of 
pricorn  on  the  fhorteft  winter’s  day. 


The 
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The  polar  circles  are  two  leffer  circUs,  con¬ 
ceived  to  be  dcfcribed  at  23  £  degrees  diftance 
from  each  pole. 

The  axis  of  the  earth  is  inclined  to  the  plane 
of  the  ecliptic,  and  makes  with  it  an  angle  of 
66 i  degrees  ;  therefore  the  plane  of  the  earth’s 
equator  cannot  coincide  with  the  plane  of  the 
ecliptic,  but  thefe  two  planes  make  with  one 
another  an  angle  of  23  £•  degrees. 

Of  the  annual  Motion  of  the  Earth. 

The  foregoing  definitions  being  underftood, 
we  may  now  proceed  in  the  defcription  of  the 
phae’nomena  of  our  fyltem.  It  is  owing  to  the 
induftry  of  modern  aftronomers,  that  the  annual 
motion  of  the  earth  has  been  fully  evinced  ;  for 
though  this  motion  had  been  known  to,  and 
adopted  by  many  among  the  ancient  philofo- 
phers,  yet  they  were  not  able  to  give  their 
opinions  that  degree  of  probability,  which  is 
attainable  from  modern  difeoveries,  much  Ids 
the  evidence  arifing  from  thofe  demonftrative 
proofs  of  which  we  are  now  in  poffeffion.  We 
{hall,  therefore,  enumerate  fome  of  the  reafons 
which  induce  aftronomers  to  believe  that  the 
earth  moves  round  the  fun,  and  then  explain 
further  the  nature  of  this  motion,  calculated  to 
afford  us  the  ufeful  and  delightful  variety  of  the 
feafons,  the  mutual  allay  of  immoderate  heat 
3  and 
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and  cold,  as  alfo  for  the  fucceflive  growth  and 
recruit  of  vegetation. 

The  celeftial  motions  become  incomparably 
more  fimple,  and  free  from  thofe  looped  contor¬ 
tions  which  muft  be  fuppofed  in  the  other  cafe, 
and  which  are  not  only  extremely  improbable, 
but  incompatible  with  what  we  know  of  motion. 

This  opinion  is  alfo  more  reafonable,  on  ac¬ 
count  of  the  extreme  minutenefs  of  the  earth, 
when  compared  with  the  immenfc  bulk  of  the 
fun,  Jupiter,  and  Saturn ;  and  there  are  no 
known  laws  of  motion,  according  to  which  fo 
great  a  body  as  the  fun  can  revolve  about  fo  finall 
a  one  as  the  earth. 

The  fun  is  the  fountain  of  light  and  heat, 
which  it  darts  through  the  whole  fyftem ;  it 
ought,  therefore,  to  be  in  the  center,  that  it’s 
influence  may  be  regularly  diffufed  through  the 
whole  heavens,  and  communicated  in  juft  grada¬ 
tions  to  the  whole  fyftem. 

When  we  conftder  the  fun  as  the  center  of  the 
fyftem,  we  find  all  the  bodies  moving  round  it, 
agreeable  to  the  univerfal  laws  of  gravity ;  but 
upon  any  other  confideration  we  are  left  in  the 
dark. 

The  motion  of  the  earth  round  the  fun,  accords 
with  that  general  harmony,  and  univerfal  law, 
which  all  the  other  moving  bodies  in  the  fyftem 
obferve,  namely,  that  the  sqj/ares  of  the 

PERIODIC  TIMES  ARE  AS  THE  CUBES  OF  THE 
F  4  DISTANCES; 
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distances;  but  if  the  fun  moves  round  the 
earth,  that  law  is  deftroyed,  and  the  general 
order  of  fymmetry  in  nature  interrupted. 

It  is  inconteftibiy  proved  by  obfervation,  a 
motion  having  been  difcovered  in  all  the  fixed 
fiars  which  arifes  from  a  combination  of  the  mo¬ 
tion  of  light  with  the  motion  of  the  earth  in  it’s 
orbit. 

It  will  be  clearly  Ihewn  in  it's  place,  that 
Venus  and  Mercury  move  round  the  fun  in  orbits 
that  are  between  it  and  the  earth ;  that  the  orbit 
of  the  earth  is  fituated  between  that  ot  \  enus  and 
Mars  ;  and  that  the  orbits  of  Mars,  Jupiter,  &c. 
are  exterior  to,  and  include  the  other  three. 

Of  the  apparent  Motion  of  theSun,  arising 
from  the  Earth’s  annual  Motion  round 
IT. 

As  when  a  perfon  fails  along  the  fea  coaft,  the 
fliore,  the  villages,  and  other  remarkable  places 
on  land,  appear  to  change  their  fituation,  and  to 
pafs  by  him ;  fo  it  is  in  the  heavens.  To  a  fpec- 
tator  upon  the  earth,  as  it  moves  along  it’s  orbit, 
or  fails  as  it  were  through  celeftial  fpace,  the  fun, 
the  planets,  and  the  fixed  ftars,  appear  to  change 
their  places. 

Apparent  change  of  place  is  of  two  forts ;  the 
one  is  that  of  bodies  at  reft,  the  change  of  whofe 
place  depends  folely  on  that  of  the  fpedator ; 
the  other  is  that  of  bodies  in  motion,  whofe  ap- 
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parent  change  of  place  depends  as  well  on  their 
own  motion,  as  on  that  of  the  fpe&ator. 

Wefhall  firftconfidcronly  that  apparent  change 
which  takes  place  in  thofe  which  are  at  reft,  and 
which  is  owing  wholly  to  the  motion  of  the  earth, 
and  fhew  that  the  fun,  when  feen  from  the  earth, 
will  appear  to  move  in  the  fame  manner,  whether 
it  revolves  round  the  earth,  or  w  hether  the  earth 
revolves  round  the  fun.  Let  us  fuppofe  the  earth 
at  reft,  without  any  motion  of  it’s  own,  and  let 
the  fun  be  fuppofed  to  revolve  round  it  in  the 
orbit  A  B  C  D,  fig.  1,  plate  IV.  and  let  EFGH 
be  a  circle  in  the  concave  fphere  of  the  ftarry 
heavens;  as  the  fun  moves  in  the  order  of  the 
letters  A  B  C  D  in  it's  orbit,  it  will  appear  to  a 
fpecflator  on  the  earth  to  have  deferibed  the  circle 
E  F  G  H.  When  the  fun  is  at  A,  it  w  ill  appear 
as  if  it  was  among  the  fixed  ftars  rhat  are  at  E ; 
when  it  is  at  B,  it  will  appear  among  the  fixed 
ftars  at  F ;  when  at  C,  among  thofe  at  H  ; 
and  when  it  is  at  D,  it  will  appear  among  the 
fixed  ftars  at  G.  Indeed,  the  fixed  ftars  and  the 
fun  are  not  feen  at  the  fame  time ;  but  we  have 
Ihewn,  that  we  may  tell  in  what  part  of  the 
heavens  the  fun  is,  or  what  fixed  ftars  it  is  near, 
by  knowing  thofe  which  are  oppofite  to  it,  or 
come  to  the  fouth  at  midnight.  Therefore,  if 
we  find  that  any  fet  of  ftars,  as  thofe  at  G  for  in- 
ftance,  come  to  the  fouth  at  midnight,  we  may 
be  fure  that  they  are  oppofite  to  the  fun;  and 
confequently,  if  we  could  fee  the  ftars  in  that 
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part  of  the  heaven  where  the  fun  is,  we  fhould 
find  them  to  be  thofe  at  F. 

Secondly,  let  us  fuppofe  that  S  is  the  fun,  that 
it  has  no  motion  of  it’s  own,  that  it  refts  within 
the  orbit  A  BCD,  in  which  we  fhall  now  fup¬ 
pofe  the  earth  to  move,  in  the  order  of  the  letters 
A  B  C  D.  Upon  this  fuppofition,  when  the 
earth  is  at  A,  the  fun  will  appear  in  that  part  of 
the  heavens  where  the  ftars  H  are;  when  the 
earth  is  at  B,  the  fun  will  appear  in  that  part  of 
the  heavens  where  the  ftars  G  are ;  when  the 
earth  is  at  C,  the  fun  will  appear  in  that  part  of 
the  heavens  where  the  ftars  E  are;  and  as  the. 
earth  revolves  round  the  fun,  in  the  orbit  ABC 
D,  the  fun  will  appear  to  a  fpedlator  on  the  earth 
to  deferibe  the  circle  G  H  E  F. 

Thus  whether  the  earth  is  at  reft,  and  the  fun 
revolves  in  the  orbit  A  B  C  D  ;  or  the  fun  is  at 
reft,  and  the  earth  revolves  in  the  fame  orbit,  a 
fpeclator  on  the  earth  will  fee  the  fun  deferibe 
the  fame  circle  E  F  G  H,  in  the  concave  fphere 
of  the  heavens. 

Hence  if  the  plane  of  the  earth’s  orbit  be 
imagined  to  be  extended  to  the  heavens,  it 
would  cut  the  ftarry  firmament  in  that  very  cir¬ 
cle,  in  which  a  fpc&ator  in  the  fun  would  fee  the 
earth  revolve  every  year :  while  an  inhabitant  of 
the  earth  would  obferve  the  fun  to  go  through  the 
fame  circle,  and  in  the  fame  fpace  of  time  that  the 
folar  fpeclator  would  fee  the  earth  deferibe  it. 

The 
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The  inhabitants  of  all  the  other  planets  will 
obferve  juft  fuch  motions  in  the  fun  as  we  do, 
and  for  the  very  fame  reafons ;  and  the  fun  will 
be  feen  from  every  planet  to  defcribe  the  fame 
circle,  and  in  the  fame  fpace  of  time,  that  a 
fpedator  in  the  fun  would  obferve  the  planet  to 
do.  For  example,  an  inhabitant  of  Jupiter 
would  think  that  the  fun  revolved  round  him, 
defcribing  a  circle  in  the  heavens  in  the  fpace  of 
twelve  years :  this  circle  w'ould  not  be  the  fame 
with  our  ecliptic,  nor  would  the  fun  appear  to 
pafs  through  the  fame  ftars  which  he  does  to  us. 
On  the  fame  account,  the  fun,  feen  from  Saturn, 
will  appear  to  move  in  another  circle,  diftind 
from  either  of  the  former  ;  and  will  not  feem  to 
finifli  his  period  in  lefs  time  than  thirty  years. 
Now  as  it  is  impoffible  that  the  fun  can  have  all 
thefe  motions  really  in  itfelf,  we  may  fafely  affirm, 
that  none  of  them  are  real,  but  that  they  are  all 
apparent,  and  arife  from  the  motions  of  the 
refpedive  planets. 

One  phenomenon  arifing  from  the  annual  mo¬ 
tion  of  the  earth,  which  has  already  been  nightly- 
touched  upon,  may  now  be  more  fully  explained ; 
for  as  from  this  motion,  the  fun  appears  to  move 
from  wreft  to  eaft  in  the  heavens,  if  a  ftar  rifes  or 
fets  along  with  the  fun  at  any  time,  it  will  in  the 
courfe  of  a  few  days  rife  or  fet  before  it,  becaufc 
the  fun’s  apparent  place  in  the  heavens  will  be  re¬ 
moved  to  the  eaftward  of  that  ftar.  Hence  thole 

ftars 
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liars  which  at  one  time  of  the  year  fet  with  the 
fun,  and  therefore  do  not  appear  at  all,  (hall  at 
another  time  of  the  year  rife  when  the  fun  fers, 
and  Ihine  all  the  night.  And  as  any  one  liar 
fhifts  it’s  place  with  refpeCt  to  the  fun,  and  in 
confequence  of  that  with  refpedt  to  the  hour  of 
the  night,  fo  do  all  the  reft.  Hence  it  is  that 
all  thofe  liars,  which  at  one  time  of  the  year  ap¬ 
pear  on  any  one  fide  of  the  pole  liar  in  the  even¬ 
ing,  (hall  in  half  a  year  appear  on  the  contrary 
fide  thereof. 

Of  Phenomena  occasioned  by  the  annual 
AND  DIURNAL  MOTIONS  OF  THE  EARTH. 

Firft,  of  thofe  that  arife  from  the  diurnal 
motion.  As  the  earth  is  of  a  fpherical  figure, 
that  part  of  it  which  comes  at  any  time  under  the 
confined  view  of  an  obferver,  will  feem  to  be  ex¬ 
tended  like  a  plane;  and  the  heavens  will  appear 
as  a  concave  fpherical  fuperficies,  divided  by  the 
aforefaid  plane  into  two  equal  parts,*  one  of  which 
is  vifiblc,  the  other  concealed  from  us  by  the 
opacity  of  the  earth. 

Now  the  earth,  by  it’s  revolution  round  it’s 
axis,  carries  the  fpe&ator  and  the  aforefaid  plane 
from  west  to  east;  therefore  all  thofe  bodies 
to  the  eaft,  which  could  not  be  feen  becaufe  they 
were  below  the  plane  of  the  horizon,  will  become 

vifible. 
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vifible,  or  rife  above  it,  when,  by  the  rotation 
of  the  earth,  the  horizon  finks  as  it  were  below 
them.  On  the  other  hand,  the  oppoiite  part  of 
the  plane,  towards  the  weft,  rifing  above  the 
ftars  on  that  fide,  w  ill  hide  them  from  the  fpec- 
tator,  and  they  will  appear  to  fet,  or  go  below 
the  horizon. 

As  the  earth,  together  with  the  horizon  of  the 
fpe&ator,  continues  moving  to  the  eaft,  and  about 
the  fame  axis,  all  fuch  bodies  as  are  feparated 
from  the  earth,  and  which  do  not  partake  of  that 
motion,  will  feem  to  move  uniformly  in  the 
fame  time,  but  in  an  oppofite  dire&ion,  that  is, 
from  east  to  west  ;  excepting  the  celeftial 
poles,  which  will  appear  to  be  at  reft.  There¬ 
fore,  when  we  fay,  that  the  whole  concave  fphere 
ot  the  heavens  appears  to  turn  round  upon  the 
axis  of  the  world,  whilft  the  earth  is  performing 
one  rotation  round  it’s  own  axis,  we  muft  be  un- 
derftood  to  except  the  two  poles  of  the  world,  for 
thefe  do  not  partake  of  this  apparent  motion. 

It  is,  therefore,  on  account  of  the  revolution 
of  the  earth  round  it’s  axis,  that  the  fpe&ator 
imagines  the  w  hole  ftarry  firmament,  and  every 
point  of  the  heaven,  (excepting  the  two  celeftial 
poles)  to  revolve  about  the  earth  from  eaft  to 
weft  every  twenty-four  hours,  each  point 
deferibing  a  greater  or  lefler  circle,  as  it  is  more 
or  lefs  remote  from  one  of  the  celeftial  poles. 


Although 
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Although  every  place  on  the  furface  of  the  ter¬ 
raqueous  globe  is  illuminated  by  all  the  ftars 
which  are  above  the  horizon  of  that  place  ;  yet 
when  the  fun  is  above  the  horizon,  his  light  is  fo 
ftrong,  that  it  quite  extinguiflies  the  faint  light  of 
the  ftars,  and  produces  day.  When  the  fun 
goes  below  the  horizon,  or  more  properly,  when 
our  horizon  gets  above  the  fun,  the  ftars  give 
their  light,  and  we  are  in  that  ftate  which  is 
called  night. 

Now  as  the  earth  is  an  opake  fpherical  body, 
at  a  great  diftance  from  the  fun,  one  half  of  it 
will  always  be  illuminated  thereby,  while  the 
other  half  will  remain  in  darknefs. 

The  circle  which  diftinguifhes  the  illuminated 
face  of  the  earth  from  the  dark  fide,  and  is  the 
boundary  between  light  and  darknefs,  is  gene¬ 
rally  called  THE  terminator.  A  line  drawn 
from  the  center  of  the  fun  to  the  center  of  the 
earth,  is  perpendicular  to  the  plane  of  this  circle. 

When  any  point  in  the  globe  lirft  gets  into  the 
enlightened  hemifphcre,  the  fun  is  juft  rifen  to 
that  part ;  when  it  gets  half-way,  or  to  it’s  great- 
eft  diftance  from  the  terminator,  it  is  then  noon; 
apd  when  it  leaves  the  enlightened  hemifphere, 
it  is  then  sun-set;  but  it  ftill  enjoys  fome  light 
from  the  fun,  which  is  refle&ed  by  the  atmo- 
fphere,  till  it  gets  eighteen  degrees  beyond  the 
terminator;  this  glimmering  light  is  called 
TWILIGHT. 
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We  have  already  fhewn,  that  the  daily  motion 
of  the  fun  from  eaft  to  weft,  is  not  a  real,  but  an 
apparent  one,  which  is  owing  to  the  rotation  of 
the  earth  round  it's  axis.  Now  if  the  fun  had 
no  other  motion  but  this  apparent  one,  it  would 
feem  to  go  once  round  the  earth,  in  the  time  of 
one  complete  rotation,  or  in  23  hours,  56 
minutes  ;  w  hich  is  the  cafe  with  any  of  the  fixed 
ftars,  and  is  therefore  the  length  of  a  si derial 
day.  But  the  fun  is  found  to  take  up  a  longer 
time  to  complete  it’s  apparent  revolution;  for  if 
it  is  in  the  fouth  of  any  particular  place  at 
twelve  o’clock  at  noon  to-day,  it  will  not  com¬ 
plete  an  apparent  revolution,  fo  as  to  return  to 
the  fouth  of  that  place  again,  till  twelve  o’clock 
at  noon  on  the  next  day,  and  confequently  the 
time  ot  this  apparent  revolution  is  twenty-four 
hours. 

Let  us  endeavour  to  render  this  fubjed  clearer, 
by  defining  in  other  words  the  nature  of  the 
folar  and  fiderial  day. 

The  solar  day,  is  that  fpace  of  time  w  hich 
intervenes  between  the  fun’s  departing  from  any 
one  meridian,  and  it's  return  to  the  fame  circle 
again  ;  w  hich  fpace  is  alfo  called  a  natural  day, 
or  it  is  the  time  from  the  noon  of  one  day  to  the 
noon  of  the  next. 

The  fiderial  day,  is  the  fpace  of  time  which 
happens  between  the  departure  of  a  ftar  from, 
and  it’s  return  to  the  fame  meridian  again. 


We 
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We  are  now  to  fhew  why  thefe  days  differ  irt 
length,  or  why  the  time,  that  the  fun  takes  up 
to  complete  one  revolution,  is  longer  than  the 
time  that  the  earth  takes  to  revolve  once  upon 
it’s  axis. 

This  difference  arifes  from  the  fun’s  annual 
motion.  For  the  fun  does  not  continue  always 
in  the  fame  place  in  the  heaven,  as  the  fixed 
(tars  do :  but  if  it  is  feen  at  M,  fig.  2,  pi.  IV. 
one  day,  near  the  fixed  liar  R,  it  w ill  have  fhifted 
it’s  place  the  next  day,  and  w  ill  be  near  to  fome 
other  fixed  fiar  L.  This  motion  of  the  fun  is 
from  weft  to  eaft,  and  one  entire  revolution  is 
completed  in  a  year.  Suppofe,  theiefore,  that 
the  fun,  w  hen  it  is  at  M,  near  to  the  fixed  liar 
R,  appears  in  the  fouth  of  any  particular  place 
S;  and  then  imagine  the  earth  to  turn  once 
round  upon  it’s  axis  from  weft  to  eaft,  or  in  the 
direction  S  T  V  W,  fo  that  the  place  may  be  re¬ 
turned  to  the  fame  lituation  ;  after  this  rotation 
is  completed,  the  ftar  R  will  be  in  the  fouth  of 
the  place  as  before ;  but  the  fun  having,  in  the 
mean  time,  moved  eaftwards,  and  being  near  to 
the  ftar  L,  or  to  the  eaft  of  R,  w  ill  not  be  in 
the  fouth  of  the  place  S,  but  to  the  eaftward  of 
it :  upon  this  account,  the  place  S  muft  move  on 
a  little  farther,  and  muft  come  to  T  before  it. 
will  be  even  with  the  fun  again,  or  before  the 
fun  will  appear  exa&ly  in  the  fouth. 
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this  may  be  illuftrated  by  an  inftance.  The 
two  hands  of  a  watch  are  clofe  together,  or  even 
^ith  one  another  at  twelve ;  they  both  turn  round 
the  fame  way,  but  the  minute  hand  turns  round 
in  a  fhorter  time  than  the  hour  hand;  when  the 
minute  hand  has  completed  one  rotation,  and  is 
come  round  to  twelve,  the  hour  hand  will  be 
before  it,  or  will  be  at  one  ;  fo  that  the  minute 
hand  mult  move  more  than  once  round,  in  order 
to  overtake  the  hour  hand,  and  be  even  with  it 
again. 

As  this  fubjed  is  of  fomc  importance,  we  fhall 
endeavour  to  render  it  more  clear,  by  placing  it 
in  a  different  point  of  view  :  the  more  fo,  as  it 
may  accuftom  the  young  pupil  to  reafon  on  both 
hypothefes,  namely,  the  motion  of  the  fun,  and 
that  of  the  earth. 

The  diameter  of  the  earth’s  orbit  is  but  a  phy- 
fical  point,  in  proportion  to  the  diftance  of  the 
flais  ;  for  which  reafon,  and  the  earth’s  uniform 
motion  on  it’s  axis,  any  given  meridian  will  re¬ 
volve  fiom  any  flar  to  the  fame  flar  again,  in 
eveiy  abfolute  turn  of  the  earth  upon  it’s  axis, 
without  the  lead  perceptible  difference  of  time 
being  (hewn  by  a  clock  which  goes  exadlly  true. 

If  the  earth  had  only  a  diurnal,  without  an 
annual  motion,  any  given  meridian  would  revolve 
from  the  fun  to  the  fun  again,  in  the  fame  quan¬ 
tity  of  time  as  from  any  ftar  to  the  fame  flar  again ; 
ccaufe  the  fun  would  never  change  his  place, 
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with  refpeft  to  the  ftars.  But  as  the  earth  ad¬ 
vances  almoft  a  degree  eaftward  in  it’s  orbit,  in 
the  time  that  it  turns  eaftward  round  it  s  axis, 
whatever  ftar  partes  over  the  meridian  on  any  day 
with  the  fun,  will  pafs  over  the  fame  meridian 
on  the  next  day,  when  the  fun  is  almoft  a  degree 
fhort  of  it,  that  is,  3  min.  56  feconds  fooner.  If 
the  year  contained  only  360  days,  the  fun’s  ap¬ 
parent  place,  fo  far  as  his  motion  is  equable, 
would  change  a  degree  every  day,  and  then  the 
liderial  days  would  be  juft  four  minutes  (horter 
than  the  folar. 

Let  ABCDEFGH,  fig.  3>  Plate  *V.  be 
the  earth’s  orbit,  in  which  it  goes  round  the  fun 
every  year,  according  to  the  order  of  the  letters, 
that  is,  from  weft  to  eaft,  and  turns  round  it’s 
axis  the  fame  way,  from  the  fun  to  the  fan  again 
in  every  twenty-four  hours.  Let  S  be  the  fun, 
and  R  a  fixed  ftar,  at  fuch  an  immenfe  diftance, 
that  the  diameter  G  C  of  the  earth  s  orbit  bears 
no  fenlible  proportion  to  that  diftance;  Nmn 
the  earth  in  different  points  of  it’s  orbit.  Let 
N  m  be  any  particular  meridian  of  the  earth,  and 
N,  a  given  point,  or  place,  lying  under  that 
meridian. 

When  the  earth  is  at  A,  the  fun  S  hides  the  ftar 
R,  w  hich  would  always  be  hid  if  the  earth  never 
moved  from  A,  and  confcquently  as  the  earth 
turns  round  it’s  axis,  the  point  N  would  always 
s  come 
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come  round  to  the  fun  and  the  ftar  at  the  fame 
time. 

But  when  the  earth  has  advanced  through  an 
eighth  part  of  it’s  orbit,  or  from  A  to  B,  it's 
motion  round  it’s  axis  will  bring  the  point  Nan 
eighth  part  of  a  day,  or  three  hours,  fooner  to  the 
flar  than  to  the  fun.  For  the  ftar  will  come  to 
the  meridian  in  the  lame  time  as  though  the  earth 
had  continued  in  it's  former  fituation  at  A,  but 
the  point  N  mult  revolve  from  N  to  n,  before  it 
can  have  the  fun  upon  it’s  meridian.  The  arc 
Nn  being  therefore  the  fame  part  of  a  whole  cir¬ 
cle,  as  the  arc  A  B,  it  is  plain  that  any  Bar  which 
comes  to  the  meridian  at  noon,  with  the  fun, 
'vhen  the  earth  is  at  A,  will  come  to  it  at  nine 
o’clock  in  the  forenoon,  when  the  earth  is  at  B. 

When  the  earth  has  palled  from  A  to  C,  one- 
fourth  part  of  it’s  orbit,  the  point  N  will  have  the 
Bar  upon  it’s  meridian,  or  at  fix  in  the  morning, 
hx  hours  fooner  than  it  comes  round  to  the  fun ; 
but  the  point  N  mufi  revolve  fix  hours  mere,  be¬ 
fore  it  has  mid-day  by  the  fun  :  for  now  the  an¬ 
gle  A SD  is  a  right  angle,  and  fo  is  N  Dn;  that 
1S>  the  earth  has  advanced  90  degrees  on  it*  axis, 
to  carry  the  point  N  from  the  flar  to  the  fun;  for 
the  Bar  always  comes  to  the  meridian  when  N  m 
is  parallel  to  RSA;  becaufe  DS  is  but  a  point 
m  refped  to  R  S.  When  the  earth  is  at  D,  th$ 
ar  comes  to  the  meridian  at  three  in  the  morn- 
ing,  at  E,  the  earth  having  gone  half  round  it's 
G  2  orbit; 
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orbit ;  N  points  to  the  ftar  at  midnight,  it  being 
then  dire£tly  oppofite  to  the  fun  ;  and,  therefore, 
by  the  earth’s  diurnal  motion,  the  ftar  comes  to 
the  meridian  twelve  hours  before  the  fun,  and 
then  goes  on,  till  at  A  it  comes  to  the  meridian 

with  the  fun  again. 

Thus  it  is  plain,  that  one  abfolute  revolution 
of  the  earth  on  it’s  axis  (which  is  always  com¬ 
pleted  when  any  particular  ftar  comes  to  be 
parallel  to  it’s  fituation  at  any  time  of  the  day  be¬ 
fore)  never  brings  the  fame  meridian  round  from 
the  fun,  to  the  fun  again ;  but  that  the  earth  re¬ 
quires  as  much  more  than  one  turn  on  it's  axis, 
to  finifti  a  natural  day,  as  it  has  gone  forward  in 
that  time,  which,  at  a  mean  ftate,  is  a  365th 
part  of  a  circle. 

From  hence  we  obtain  a  method  of  knowing 
by  the  ftars,  whether  a  clock  goes  true  or  not. 
For  if  through  a  fmall  hole  in  a  window-fhutter, 
or  in  a  thin  plate  of  metal  fixed  to  a  window,  we 
obferve  at  what  time  any  ftar  difappears  behind  a 
chimney, or  corner  of  a  houfe,  at  a  little  diftance; 
and  if  the  fame  ftar  difappears  the  next  night, 
3  min.  56  feconds,  fooner  by  the  clock  ;  and  on 
the  fecond,  7  minutes,  52  feconds  fooner;  the 
third  night,  1 1  minutes,  48  feconds  fooner,  and 
fo  on  every  night ;  it  is  an  infallible  fign  that 
the  machine  goes  true;  otherwife  it  does  not, 
and  muft  be  regulated  accordingly.  This  me¬ 
thod  may  be  depended  on  to  nearly  half  a  fecond. 
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Of  the  Seasons  of  the  Year. 

It  is  our  bufmefs  under  the  prefent  head  to  ac¬ 
count  for  the  phenomena  of  the  fcafons,  thole 
grateful  viclfiitudes  on  which  fo  much,  both  of 
the  bufmefs  and  happinefs  of  man  depends.  As 
the  feafons  are  applied  in  the  hieroglyphic  lan¬ 
guage  of  the  bible,  to  mark  the  different  ffages 
■of  man  s  progrefs  in  virtue,  the  rife,  meridian 
glory,  decline,  and  confummation  of  the  church, 
or  the  different  difpenfations  of  divine  goodnefs 
and  truth  to  man ;  we  do  not  think  the  reader 
will  be  offended,  if  we  prefent  him  with  a  few 
obfervations  on  this  head,  extracted  from  the 
works  of  an  elegant  moraliff. 

The  natural  advantages  which  arife  from  the 
•pofition  of  the  earth  which  we  inhabit,  with 
refpedf  to  the  other  planets,  afford  much  employ¬ 
ment  to  mathematical  fpeculation  ;  by  which  it 
has  been  difeovered,  that  no  other  conformation 
of  the  f)ffcm  could  have  given  fuch  commodious 
diffributions  of  light  and  heat,  or  imparted  fer¬ 
tility  and  pleafure  to  fogreatapart  of  a  revolving 
iphere. 

The  moraliff  may  with  equal  xeafon  obferve, 
that  our  globe  feems  equally  fitted  for  the  refi- 
dence  of  a  being,  placed  here  only  for  a  fhort 
time,  whofe  talk  is  to  advance  himfclf  to  a  higher 
and  happier  ftate  of  exiffence,  by  unremitted 
vigilance  of  caution,  and  adlivity  of  virtue.  The 
O  3  duties 
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duties  of  man  are  fuch  as  human  nature  does  not 
willingly  perform,  and  fuch  as  thofe  are  inclined 
to  delay,  who  intend  feme  time  to  fulfil  them. 

It  was,  therefore,  necefiary,  that  this  univerfal 
relu&ance  fhouldbe  counteracted,  and  the  drow- 
finefs  of  hefitation  awakened  into  refolve  ;  that 
the  danger  of  procraflination  fhould  be  always 
in  view’,  and  the  fallacies  of  fecurity  be  hourly 
detected.  Io  this  end,  all  the  appearances  of 
nature  uniformly  confpire :  whatever  we  fee  on 
every  fide,  reminds  us  of  the  lapfe  ot  time,  and 
the  flux  of  life.  The  day  and  night  fucceed  each 
other  ;  the  rotation  of  the  feafons  diverfifies  the 
year ;  the  fun  attains  the  meridian,  declines,  and 
fets ;  and  the  moon  every  night  changes  it’s 
form. 

The  day  may  be  confidered  as  an  image  of  the 
year,  and  a  year  as  the,  reprefentation  of  life. 
The  morning  anfwers  to  the  fpring,  and  the 
fpring  to  childhood  and  youth.  1  he  noon  cor- 
reiponds  to  the  fummer,  and  the  fummer  to  the 
tfrength  of  manhood.  The  evening  is  an  emblem 
of  autumn,  and  autumn  of  declining  life.  The 
night  with  it’s  filence  and  darkncfs/  fhcws  the 
winter,  in  which  all  the  powers  of  vegetation 
are  benumbed ;  and  the  winter  points  out  the 
time  when  life  fihall  ceafe,  with  it’s  hopes  and 
pleafures . 

He  that  is  carried  forward,  however  fwiftly, 
by  a  motion  equable  and  eafy,  perceives  not  the 

change 
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change  of  place,  but  by  the  variation  of  objcds. 
If  the  wheel  of  life,  which  rolls  thus  filently 
along,  palfed  on  through  undiftingui (liable  uni¬ 
formity,  we  fhould  never  mark  it’s  approaches 
to  the  end  of  the  courfe.  If  one  hour  were  like 
another  ;  if  the  palfages  of  the  fun  did  not  fhew 
it’s  walling ;  if  the  change  of  feafons  did  not  im- 
prefs  upon  us  the  flight  of  the  year ;  quantities 
of  duration,  equal  to  days  and  years,  would  glide 
away  unobferved.  If  the  parts  of  time  w  ere  not 
varioufly  coloured,  w  e  fhould  never  difcern  their 
departure  or  lucceflion  ;  but  fhould  live  thought- 
lefs  of  the  pad,  and  carelefs  of  the  future,  with¬ 
out  w  ill,  and  perhaps  w  ithout  power,  to  com¬ 
pare  the  time  which  is  already  loll,  with  that 
which  may  probably  remain. 

But  the  courfe  of  time  is  fo  vilibly  marked, 
that  it  is  even  obferved  by  nations,  who  have 
raifed  their  minds  very  little  above  animal  in- 
flind.  That  thefe  admonitions  of  nature  may 
have  their  due  effed ;  let  him  that  defires  to  fee 
others  happy,  make  halle  to  give  while  his  gift 
can  be  enjoyed  ;  and  remember,  that  every  mo¬ 
ment  of.  delay  takes  away  fomething  from  the 
value  of  his  benefadion.  And  let  him  who  pro- 
pofes  his  own  happinefs,  refled,  that  while  he 
forms  his  purpofe,  the  day  rolls  on,  and  the 
night  cometh,  when  no  man  can  w  01k. 

Before  we  explain  the  caufes  of  thofe  changes 
that  are  termed  the  feafons  of  the  year,  it  will  bc 
G  4  necelfary 
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neceflary  to  premife  a  few  confiderations :  Firft, 
that  on  account  of  the  immenfe  diftance  of  the 
fun  from  the  earth,  the  rays  which  proceed  from 
it  may  be  confidered  as  parallel  to  each  other. 
Secondly,  that  only  one-half  of  a  globe  can  be 
illuminated  by  parallel  rays,  and  therefore  only 
one-half  of  the  earth  will  be  enlightened  by  the 
fun  at  one  time.  Thirdly,  that  we  may  call  the 
line  which  divides  light  from  darknefs,  the  ter¬ 
minator. 

Thefc  confiderations,  as  well  as  fome  of  the 
following  deductions,  will  be  rendered  more 
clear,  by  a  furvey  of  fig.  1,2,  and  3,  pi.  VI.  where 
Qj-eprefents  the  globe  of  the  earth ;  N 
80  S,  N  70  S,  &c.  different  meridians  interfer¬ 
ing  the  equator  IE  Qjit  right  angles,  and  paffing 
through  the  poles  N  and  S  ;  T  T  the  terminator; 
B  a  brafs  ball,  to  reprefent  the  fun,  with  parallel 
rays  proceeding  from  it. 

In  fig.  3,  the  poles  coincide  with  the  termi¬ 
nator. 

In  fig.  1,  the  north  pole  is  altogether  in  the 
illuminated  hemifphere,  and  the  fouth  pole  in 
the  dark  hemifphere. 

In  fig.  2,  the  fouthern  pole  is  in  the  enlight¬ 
ened  part,  and  the  north  pole  in  the  dark  hemi¬ 
fphere. 

It  is  evident  that  it  is  day  in  any  given  place 
on  the  globe,  fo  long  as  that  place  continues  in 
the  enlightened  hemifphere;  but  when,  by  the 

diurna} 
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diurnal  rotation  of  the  earth  on  it’s  axis,  it  is' 
carried  into  the  dark  hemifphere,  it  becomes 
night  to  that  place. 

The  length  of  the  day  and  the  night  depend  on 
the  pofition  of  the  terminator,  with  refpetft  to 
the  axis  of  the  earth. 

If  the  poles  of  the  earth  be  lituated  in  the  ter¬ 
minator,  as  in  fig.  3,  every  parallel  will  be 
divided  into  two  equal  parts;  and  as  the  uniform 
motion  of  the  earth  caufes  any  given  place  to 
defcribe  equal  parts  of  it’s  parallel  in  equal  times, 
the  day  and  the  night  would  be  equal  on  every 
parallel  of  latitude ;  that  is,  all  over  the  globe, 
except  at  the  poles,  where  the  fun  would  neither 
rife  nor  fet,  but  continue  in  the  horizon. 

But  if,  as  in  fig.  1  and  2,  the  axis  be  not 
placed  in  the  plane  of  the  terminator,  the  termi¬ 
nator  will  divide  the  equator  into  two  equal 
parts,  but  all  the  circles  parallel  to  it  into  un¬ 
equal  parts ;  thofe  circles  that  are  lituated  to¬ 
wards  the  enlightened  pole,  will  have  a  greater 
part  of  their  circumference  in  the  enlightened 
than  in  the  dark  hemifphere ;  while  fimilar 
parallels  toward  the  other  pole  will  have  the 
greater  part  of  their  circumference  in  the  dark 
hemifphere.  Whence  it  follows,  that  the  firft- 
mentioned  parallels  will  enjoy  longer  days  than 
nights ;  and  the  contrary  will  happen  to  the 
latter,  where  the  days  will  be  the  fhorteft,  and 
the  nights  the  longeft  j  while  at  the  equator,  the 

days 
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clays  and  nights  continue  equal.  All  this  is 
evident  from  the  bare  infpe&ion  of  the  figures ; 
it  is  alfo  obfervable,  that  the  difproportion  is 
greateft  in  the  greateft  latitude ;  and  that  thofe 
places,  whofe  diftance  from  the  pole  is  lefs  than 
that  of  the  pole  from  the  terminator,  mull  enjoy 
cither  a  conftant  day,  or  a  conftant  night ;  be- 
caufe  they  are  never  carried  into  the  oppofite 
hemifphere  by  the  diurnal  rotation  of  the  earth. 
In  this  pofition  of  the  axis,  the  inhabitants  on 
one  fide  of  the  equator  may  be  faid  to  enjoy  fum- 
mer,  and  thofe  on  the  other  fide  winter,  with 
jrefpevft  to  each  other. 

From  what  has  been  faid,  it  is  plain  that  the 
viciflitudes  in  the  days  and  nights  are  occafioned 
by  the  pofition  of  the  terminator,  or  boundary  of 
light  and  darknefs,  with  the  axis  of  the  earth ;  or 
in  other  words,  by  the  different  afpetff  of  the 
earth  with  refpedt  to  the  fun. 

We  have  now  only  to  flievv  what  caufes  the 
changes  of  pofition  in  the  terminator,  which  are, 
l.  The  inclination  of  the  earth’s  axis  to  the  plane 
of  the  ecliptic,  or  orbit  in  which  it  moves, 
a.  That  through  the  whole  of  it’s  annual  courfe, 
the  axis  of  the  earth  preferves  it’s  pofition,  or 
continues  parallel  to  itfelf ;  that  is,  if  a  line  be 
conceived  as  drawn  parallel  to  the  axis  while  the 
earth  is  in  any  one  point  of  it*s  orbit,  the  axis 
will  in  every  ether  pofition  of  the  earth  be  paral¬ 
lel  to  the  faid  line. 

If 
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If  the  axis  of  the  earth  were  perpendicular  to 
the  plane  of  it’s  orbit,  the  equator  and  the  orbit 
(or  ecliptic)  would  coincide;  and  as  the  fun  is 
always  in  the  plane  of  the  ecliptic,  it  would  in 
this  cafe  be  always  over  the  equator,  as  in  fig.  3, 
and  the  two  poles  would  be  in  the  terminator, 
and  there  would  be  no  diverfity  in  the  days  and 
nights,  and  but  one  feafon  of  the  year ;  but  as 
this  is  not  the  cafe,  we  may  fairly  infer,  that  the 
axis  of  the  earth  is  not  perpendicular  to  the  plane 
of  it's  orbit. 

But  if  the  earth’s  axis  be  inclined  to  the  plane 
of  the  ecliptic  when  the  earth  is  in  the  fituation 
reprefented  at  fig.  1,  plate  VI.  the  pole  N  will 
be  towards  the  fun,  and  the  pole  S  will  be 
turned  from  it ;  but  juft  the  contrary  will  hap¬ 
pen,  when  the  earth,  by  going  half  round  the 
fun,  has  arrived  at  thcoppofite  point  in  it’s  orbit. 
Hence  the  fun  will  not  be  always  in  the  equator, 
but  at  one  time  of  the  year  it  will  appear  nearer 
to  one  of  the  poles,  and  at  the  oppofite  feafon, 
it  will  appear  nearer  to  the  other.  To  this  cir- 
cumftance  the  change  of  feafons  is  owing ;  for 
when  the  fun  leaves  the  equator  and  approaches 
to  one  of  the  poles,  it  will  be  fummer  on  that 
fide  of  the  equator,  and  w  hen  the  fun  departs 
from  thence  and  approaches  to  the  other  pole, 
it  will  be  winter.  Thus  from  the  inclination  of 
the  axis,  each  part  of  the  earth  enjoys  the  benefit 
of  fummer  in  it’s  turn  ;  for  it  is  evident,  from 
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ivhathas  been  faid  already,  that  when  it  is  winter 
towards  one  of  the  poles,  on  one  fide  the  equator, 
it  is  fummer  towards  the  other  pole,  or  on  the 
.other  fide  of  the  equator. 

To  elucidate  ftill  further  the  changes  in  the 
feafons,  we  fhall  beg  the  reader’s  attention  to 
the  figures  in  plates  V.  and  VI.  which  reprefent 
one  of  the  mod  fimple  inftruments  hitherto  con¬ 
trived  for  explaining  them.  Fig.  i,  plate  V.  is 
the  whole  of  the  inftrument.  Fig.  i,  2,  and  3, 
plate  VI.  two  portions  of  it  thus  exhibited,  in 
order  .to  give  a  more  diftindl  view  of  the  phe¬ 
nomena. 

If  we  now  fuppofe  the  earth  to  be  at  Libra,  as 
in  fig.  i,  plate  V.  then  will  the  fun  appear  to 
be  at  the  oppofite  point  of  the  ecliptic  in  Aries, 
the  time  of  our  vernal  equinox.  The  termi¬ 
nator  will  pals  through  the  poles  of  the  world, 
and  divide  every  parallel  to  the  equator  into  two 
equal  parts  ;  conlequently  the  nocturnal  and  di¬ 
urnal  arches,  or  the  length  of  the  day  and  night, 
will  be  equal  in  all  places  over  the  world.  See 
this  further  illufirated,  fig.  3,  plate  VI. 

But  if  you  conceive  the  earth  by  it’s  annual 
motion  to  have  moved  to  Capricorn,  the  axis 
keeping  parallel  to  itfelf ;  the  north  pole  will 
by  this  motion  have  gradually  advanced  into  the 
enlightened  hemifphere,  fo  that  the  whole  north¬ 
ern  polar  circle  will,  when  it  has  arrived,  be  in 
the  illuminated  hemifphere,  while  the  fouthern 
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pole  recedes  into  darknefs,  and  all  the  northern, 
parts  will  enjoy  long  days,  and  this  time  is  called 
our  summer  solstice,  while  the  fouthern  parts 
will  have  fhort  days  and  w  inter. 

Again,  while  the  earth  is  defcribing  the  next 
quarter  of  it’s  orbit,  or  going  from  Capricorn 
through  Aquarius  and  Pifces  to  Aries,  the  north 
pole  approaches  the  terminator  in  the  fame  pro¬ 
portion  that  it  before  receded  from  it,  and  con- 
fequently  the  diurnal  arches  gradually  lefien  till 
it  arrives  at  Aries,  when  the  poles  will  again 
coincide  with  the  terminator,  and  thus  caufe  the 
days  and  nights  to  be  every  where  equal.  This 
is  called  the  autumnal  equinox. 

During  the  next  quarter,  or  while  the  earth  is 
going  through  Taurus  and  Gemini,  the  north 
pole  will  gradually  recede  from  the  light,  while 
the  fouthern  one  advances  into  it ;  and  the  days 
will  ftiorten  in  the  northern  hemifphere,  and 
lengthen  in  the  fouthern,  until  the  earth  is  ar¬ 
rived  at  Cancer,  the  fun  then  appearing  in  Ca¬ 
pricorn,  when  the  north  pole  will  be  juft  as  far 
within  the  dark  as  in  June  it  was  in  the  enlight¬ 
ened  hemifphere.  This  time  is  called  the  win¬ 
ter  solstice.  The  days  every  where  in  the 
northern  hemifphere  arc  now  at  the  (horteft,  and 
to  the  fouthward  they  are  at  the  longeft. 

From  the  winter  folftice  to  the  vernal  equinox 
the  pole  will  approach  the  terminator,  and  the 
days  will  again  lengthen  in  the  northern  hemi- 
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fpherc,  and  at  the  inftant  in  which  the  axis 
again  coincides  with  the  pole,  the  natural  year, 
conlifting  of  365  days,  5  hours,  48I  minutes,  is 
fini  filed. 

The  pupil  will  obferve,  by  confidering  the  in- 
ftrument,  that  during  the  w  hole  revolution  of  the 
earth,  one-half  of  the  equator  is  always  in  the 
light,  and  the  other  half  in  darknefs  ;  and  con- 
fequently,  that  under  the  equator  the  days  and 
nights  are  always  of  an  equal  length. 

While  the  earth  is  going  from  Libra  to  Aries, 
the  north  pole  is  confiantly  illuminated,  and  the 
fouth  pole  all  the  while  in  darknefs  ;  and  for  the 
other  half  of  the  year  in  a  contrary  fiate. 

It  is  eafy  to  perceive,  by  the  foregoing  expla¬ 
nation,  that  the  inhabitants  of  the  fouthern  he- 
mifphere  have  the  fame  viciffitudes,  though  not 
at  the  fame  time,  it  being  winter  in  one  hcmi- 
fphere  while  it  is  fummer  in  the  other. 

There  is  fiill,  however,  one  circumftance  to  be 
^onfidered,  namely,  the  daily  apparent  change 
iji  the  fun’s  declination ;  but  this  will  be  eafily 
conceived,  by  attending  to  fig.  1,  2,  and  3,  pi. 
VI.  and  conceiving  a  line  to  be  drawn  from  the 
center  of  the  fun  to  the  center  of  the  earth,  in 
each  fituation.  This  line  may  be  called  the  cen¬ 
tral  folar  ray.  About  the  21ft  of  December,  when 
the  earth  is  in  Cancer,  this  ray  will  terminate  or 
fall  upon  the  fouthern  tropic,  or  the  tropic  of 
Capricorn ;  and  confequently,  by  the  earth’s  ro¬ 
tation 
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tation  round  her  axis,  the  inhabitants  of  every 
part  of  this  circle  will  fucceflively  have  the  fun  in 
their  zenith  ;  or  in  other  words,  he  will  be  ver¬ 
tical  to  them  that  day  at  noon,  as  the  fun  ap¬ 
pears  that  day  to  be  carried  round  in  the  tropic 
of  Capricorn. 

About  the  20th  of  March,  the  earth  is  at 
Libra,  and  the  fun  will  then  appear  in  Aries ;  the 
central  folar  ray  terminates  upon  the  furface  of 
the  earth,  in  the  equator,  as  at  fig.  3  ;  and  there¬ 
fore  the  fun  appears  to  be  carried  round  in  the 
celeftial  equator,  and  is  fuccefiively  vertical  to 
thofe  who  live  under  that  circle. 

About  the  21ft  of  June,  when  the  earth  is  in 
Capricorn,  the  central  folar  ray  terminates  on 
the  furface  of  the  earth,  in  the  northern  tropic, 
as  at  fig.  2  ;  and  for  that  day  the  fun  appears 
to  be  carried  round  in  the  tropic  of  Cancer,  and 
is  vertical  to  thofe  who  live  under  that  circle. 
About  the  22nd  of  September,  the  earth  is  in 
Aries,  and  the  fun  in  Libra,  and  the  central 
folar  ray  again  terminates  at  the  equator ;  confe- 
quently  the  fun  again  appears  in  the  celeftial 
equator,  and  is  vertical  to  thofe  who  live  under  it. 

We  have  feen,  that  as  the  fun  moves  in  the 
ecliptic,  from  the  vernal  equinox  to  the  tropic  of 
Cancer,  it  gets  to  the  north  of  the  equator,  or  it’s 
declination  towards  our  pole  increafes.  There¬ 
fore,  from  the  vernal  equinox,  when  the  days 
and  nights  are  equal,  till  the  fun  comes  to  the 
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tropic  of  Cancer,  our  days  lengthen,  and  our 
nights  fhorten  ;  but  when  the  fun  comes  to  the 
tropic  of  Cancer,  it  is  then  in  it’s  utmort  northern 
limit,  and  returns  in  the  ecliptic  to  the  equator 
again.  During  this  return  of  the  fun,  it’s  decli¬ 
nation  towards  our  pole  decreafes,  and  con- 
fequently  the  days  decreafe,  and  the  nights  in- 
creafe,  till  the  fun  is  arrived  in  the  equator  again, 
and  is  in  the  autumnal  equinoctial  point,  when 
the  days  and  nights  will  again  be  equal.  As  the 
fun  moves  from  thence  towards  the  tropic  of 
Capricorn,  it  gets  to  the  fouth  of  the  equator ;  or 
it’s  declination  towards  the  fouth  pole  increafes. 
Therefore,  at  that  time  of  year,  our  days  fhorten, 
and  our  nights  lengthen,  till  the  fun  arrives  at 
the  tropic  of  Capricorn  ;  but  when  the  fun  is 
arrived  there,  it  is  then  at  it’s  utmoft  fouthcrn 
limit,  and  returns  in  the  ecliptic  to  the  equator 
again.  During  this  return,  it’s  diftance  from  our 
pole  lelfens,  and  confequently  the  days  will 
lengthen,  as  the  nights  will  fhorten,  till  they 
become  equal,  w  hen  the  fun  is  come  round  to 
the  vernal  equino&ial  point. 

Our  fummer  is  nearly  eight  days  longer  than 
the  winter.  By  fummer  is  meant  here  the  time 
that  pafles  between  the  vernal  and  autumnal 
equinoxes;  by  winter,  the  time  between  the 
autumnal  and  vernal  equinox.  The  ecliptic  is 
divided  into  fix  northern,  and  fix  fouthern  figns, 
and  interfeCls  the  equator  at  the  firfi:  of  Aries, 

and 
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and  the  firft  of  Libra.  In  our  fummer,  the  fun’s 
apparent  motion  is  through  the  fix,  northern,  and 
our  winter  through  the  fix  fouthern  figns  •  yet 
the  fun  is  186  days,  n  hours,  51  minutes,  in 
palling  through  the  fix  firft  .  and  only  178  days, 
17  hours,  58  minutes,  in  palling  through  the  fix 
Iaft.  Their  difference,  7  days,  17  hours,  53 
minutes,  is  the  length  of  time  by  which  our 
fummer  exceeds  the  winter. 

In  fig.  1,  plate  VII.  A  B  CD  reprefents  the 
earth's  orbit;  S  the  fun  in  one  of  it's  foci;  when 
the  earth  is  at  B,  the  fun  appears  at  H,  in  the 
firft  point  of  Aries  ;  and  whilft  the  earth  moves 
from  B  through  C  to  D,  the  fun  appears  to  run 
through  the  fix  northern  figns,  from  y'  through 
25  to  -v  at  F.  When  the  earth  is  at  D,  the  fun 
appears  at  F,  in  the  firft  point  pf  Libra;  and 
as  the  earth  moves  from  D  through  A  to  B,  the 
fun  appears  to  move  through  the  fix  fouthern 
figns,  from  ^  through  V?  to  Aries  at  H. 

Hence  the  line  FH,  drawn  from  the  firft 
point  of  Aries  through  the  fun  at  S,  to  the  firft 
point  of  =0=,  divides  the  ecliptic  into  two  equal 
parts ;  but  the  fame  line  divides  the  earth’s  ellip¬ 
tical  orbit  into  two  unequal  parts.  The  greater 
part  BCD  is  that  which  the  earth  deferibes  in  the 
fummer,  while  the  fun  appears  in  the  northern 
figns.  The  lefier  part  is  D  A  B,  which  the  earth 
deferibes  in  winter,  while  the  fun  appears  in  the 
fouthern  figns.  C  the  earth’s  aphelion,  where  it 
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moves  flowed,  is  in  the  greater  part ;  A  it’s  pe* 
rihelion,  is  in  the  lefler  part,  where  the  fun 
moves  fafteft. 

There  are,  therefore,  two  reafons  why  our  fum- 
mer  is  longer  than  our  winter ;  firft,  becaufe  the 
fun  continues  in  the  northern  figns,  while  the 
"earth  is  dcfcribing  the  greater  part  of  it’s  orbit ; 
and  fecondly,  becaufe  the  fun’s  apparent  motion 
is  flower  while  it  appears  in  the  northern  figns, 
than  whilft  it  appears  in  the  fouthern  ones. 

The  fun’s  apparent  diameter  is  greater  in  our 
winter  than  in  fummer,  becaufe  the  earth  is  nearer 
to  the  fun  when  at  A  in  the  winter,  than  it  is 
when  at  C  in  the  fummer.  The  fun’s  apparent 
diameter,  in  winter,  is  32  min.  47  feconds ;  in 
fummer,  31  min.  40  feconds. 

But  if  the  earth  is  farther  from  the  fun  in  fum¬ 
mer  than  in  winter,  it  may  be  alked,  why  our 
winters  are  fo  much  colder  than  our  fummers. 
To  this  it  may  be  anfwered,  that  our  fummer  is 
hotter  than  the  winter,  firft,  on  account  of  the 
greater  height  to  which  the  fun  rifes  above  our 
horizon  in  the  fummer;  fecondly,  the  greater 
length  of  the  days.  The  fun  is  much  higher  at 
noon  in  fummer  than  in  winter,  and  confequently, 
as  it’s  rays  in  fummer  are  lefs  oblique  than  in 
winter,  more  of  them  will  tall  upon  the  furface 
of  the  earth.  In  the  fummer,  the  days  are  very 
long,  and  the  nights  very  Ihort ;  therefore  the 

earth  and  air  are  heated  by  the  fun  in  the  day¬ 
time, 
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time,  more  than  they  are  cooled  in  the  night  s 
■and  upon  this  account,  the  heat  will  keep  in- 
crealing  in  the  fummer,  and  for  the  fame  reafon 
wdl  decreafe  in  winter,  when  the  nights  lengthen. 

We  ihould  exceed  the  limits  of  this  EfTay, 
were  we  to  inquire  into  the  feveral  concurring 
caufes  of  the  temperatures  that  obtain  in  various 
climates :  it  may  be  fufficient,  therefore,  to  ob- 
ferve  what  a  remarkable  provifion  is  made  in  the 
world,  and  the  feveral  parts  of  it,  to  keep  up  a 
perpetual  change  in  the  degrees  of  heat  ad  cold. 
Thefe  two  are  antagonifts,  or  as  Lord  Bacon 
calls  them,  the  very  hands  of  nature  with 
Which  SHE  chiefly  WOR.KETH,  the  one  expand¬ 
ing,  the  other  con  trading  bodies,  fo  as  to  main- 
tain  an  ofallatory  motion'  in  all  their  parts;  and 

M  7  thrfC  Chan«eS  the  natural 

world,  that  they  are  promoted  every  year,  every 

hour  every  moment.  From  the  oblique  pofition 
of  the  ecl.pt, c,  the  earth  continually  prefenrs  a 
different  face  to  the  fun,  and  never  receives  his 
mys  two  days  together  in  the  fame  d.rcdion. 

the  day  and  "'ght,  the  differences  are  fo  ob¬ 
vious,  that  they  need  not  be  mentioned,  though 

z:r:,  r remarkab,c  k  ^ 

a  „  “  “  h‘s  Getting  makes  the  greateft 

igle  with  the  horizon.  Every  hour  of  the  day, 
the  heat  varies  with  the  funs  altitude,  is  altered 
b  hemterpofitionof^,  and  the  a<aio„  of 

»mds;  and  there  is  little  room  to  doubt,  but 
H  2  what 
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what  the  various  changes  that  thus  take  place, 
concur  in  producing  many  of  the  fmaller  and 
greater  phenomena  of  nature. 

Be  this  however  as  it  may,  it  is  certain  that 
the  various  irregularities  and  intemperature  of 
the  elements, which  feem  todeftroy  nature  in  one 
feafon,  ferve  to  revive  it  in  another  :  the  immo¬ 
derate  heats  of  fummer,  and  the  exceflive  cold 
of  winter,  prepare  the  beauties  of  the  fpring, 
and  the  rich  fruits  of  autumn.  Thcfe  viciflitudes, 
which  feem  to  fuperficial  minds  the  effects  of  a 
fortuitous  concourfe  of  irregular  caufes,  are  re¬ 
gulated  according  to  weight  and  meafure  by  that 
fovereign  wifdom,  who  weighs  the  earth  as  a 
grain  of  fand,  the  fea  as  a  drop  of  water. 

On  some  Appearances  which  depend  on  the 

Circles  of  the  Heavens,  and  the  Position 

of  the  Observer  in  Respect  of  them. 

For  the  more  eafy  undemanding  of  thefe 
phaenomena,  it  will  be  necefiary  to  premife  two 
obfervations. 

i .  That  the  inclination  of  an  axis,  or  orbit,  is 
merely  relative,  becaufe  we  compare  it  with 
fome  other  axis,  or  orbit,  which  is  not  inclined 
at  all.  Thus  our  horizon  being  level  to  us, 
whatever  place  of  the  earth  we  are  upon,  we  con- 
fider  it  as  having  no  inclination  j  and  yet,  if  we 
travel  90  degrees  from  that  place,  we  (hall  then 
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have  an  horizon  perpendicular  to  the  former,  but 
it  will  Hill  be  level  to  us, 

2.  That  half  of  the  heavens  are  vilible  to  an 
inhabitant  on  any  part  of  the  earth. 

Of  a  parallel  Sphere. 

An  inhabitant  of  the  earth,  who  lives  at  either 
of  the  poles,  has  one  of  the  celeflial  poles  in  his 
zenith,  or  dire&ly  over  his  head ;  the  other  in 
his  nadir,  or  dire&ly  under  his  feet.  The  ce- 
leftial  equator  will  coincide  with  the  horizon  ; 
and  as  the  polar  circles,  the  tropics,  and  all  the 
circles  of  daily  motion,  are  parallel  to  the 
equator,  they  will  alfq  be  parallel  to  the  horizon. 

It  is  from  this  pofition  of  the  circles  of  the 
fphere,  in  refpedt  to  the  horizon  of  a  perfon  who 
lives  at  either  pole,  that  he  is  faid  to  live  in  a 
parallel  sphere. 

As  all  the  circles  of  daily  motion  are  parallel  to 
the  equator,  it  follows,  that  all  the  heavenly 
bodies,  to  an  inhabitant  at  the  pole,  are  carried 
round  by  their  apparent  motion,  in  circles  which 
are  parallel  to  the  horizon ;  (thus  the  fun  when 
above  the  horizon,  appears  to  revolve  in  a  circle 
parallel  to  it,  and  at  an  altitude  equal  to  his 
di fiance  from  the  equator)  and  confequently  this 
motion  can  never  make  thofe  rife,  which  move 
in  the  circles  below  the  horizon,  nor  thofe  fet 
which  move  above  it. 
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Hence,  alfo,  an  inhabitant  at  the  north  pole 
has  the  fun  above  his  horizon,  and  therefore  per¬ 
petual  day  all  the  time  the  fun  is  on  the  north  fide 
of  the  equator  ;  that  is,  for  fix  months  together. 
But  the  fun  is  below  his  horizon,  and  it  is  night 
with  him  all  the  time  the  fun  is  on  thcfouth  fide 
of  the  equator,  which  is  alfo  for  fix  months  ;  or,, 
in  other  words,  the  fun  will  be  fcen  for  half  a 
year,  and  then  it  will  be  day  ;  and  it  will  be  hid¬ 
den  for  half  a  year,  and  then  it  wRl  be  night. 

Of  a  right  Sfhere. 

If  an  obferver  be  fituated  under  the  equator, 
he  will  have  the  celeftial  poles  in  his  horizon, 
and  the  celeftial  equator  over  his  head,  and  at 
right  angles  with  his  horizon  :  the  other  circles 
of  daily  motion  being  parallel  to  the  equator,  are 
alfo  perpendicular,  or  at  right  angles  with  his 
horizon  ;  therefore,  in  a  right  fphere  the  rifing 
and  letting  of  the  fun  is  in  circles  that  make  right 
angles  with  the  horizon.  It  is  from  this  pofition 
of  thefe  circles  that  he  is  faid  to  live  in  a  right 
sphere. 

In  a  right  fphere,  the  equator,  and  every 
parallel  to  it,  is  divided  into  two  equal  parts  by 
!  the  horizon,  one  half  being  above,  the  other 
half  below  it ;  there  is,  therefore,  a  perpetual 
equinox  under  the  equator,  that  is,  the  days  and 
nights  are  equal  to  one  another  at  all  times  of  the 
6  year, 
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.year,  each  day  being  12  hours  long,  and  every 
night  of  the  fame  length. 

Of  an  oblique  Sphere. 

In  all  other  pofitions  of  the  fphere,  except 
thofe  already  deferibed,  the  equator,  and  the 
circles  parallel  to  it,  are  inclined  to  the  horizon. 
In  this  cafe,  the  polition  of  the  fphere  is  faid  to 
be  oblique.  This  pofition  agrees  with  all  thofe 
people  who  live  neither  under  the  pole,  nor 
under  the  equator.  One  of  the  poles  is  elevated 
above  the  horizon,  the  other  is  deprefled  beneath 
it,  and  the  equator  is  inclined  to  the  horizon. 

In  plate  XIV.  fig.  1,  the  terreftrial  globe  is  in 
the  pofition  of  the  oblique  fphere. 

It  is  evident,  that  in  this  fituation,  all  the 
parallels  to  the  equator  are  divided  by  the  horizon 
into  two  unequal  parts,  but  the  equator  into 
two  equal  parts ;  confequently  the  day  and  night 
are  never  equal  to  an  inhabitant  in  an  oblique 
fphere,  but  when  the  fun  is  in  the  equator,  that 
is,  twice  a  year,  on  the  20th  of  March,  and  the 
2  2d  of  September.  All  the  refl  of  the  year  the 
days  are  either  longer  or  Ihortcr  than  the  nights  ; 
and  the  fun,  which  always  appears  to  move  in 
the  ecliptic,  deferibes  one  of  the  parallels  to  the 
equator,  which  are  all  cut  by  the  horizon  into 
two  unequal  parts.  On  the  northern  fide  of  the 
equator,  the  days  are  longer  than  the  nights,  as 
long  as  the  fun  is  on  the  north  fide  of  the  equator; 

H  4  but 
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but  the  nights  are  longer  than  the  days,  when  tha 
fun  is  to  the  fouth  of  the  equator. 

The  portion  of  rhe  parallels  above  the  horizon 
is  greater  in  proportion  as  they  are  nearer  the 
elevated  pole  ;  but  when  the  diflance  of  the  paral¬ 
lel  from  the  pole  becomes  lefs  than  the  elevation 
of  the  pole,  then  that  parallel,  and  all  thofe  which 
are  included  within  it,  are  wholly  above  the  hori¬ 
zon,  no  part  of  them  ever  fettingor  palling  under 
it.  The  contrary  happens  in  the  parallels  that 
are  fituated  towards  the  deprefled  pole,  a  fmaller 
portion  of  thefe  being  above  the  horizon,  and  the 
greater  part  lying  under  it.  Thofe  parallels 
which  are  nearer  the  deprefled  pole,  than  the  ele¬ 
vation  of  the  pole,  or  latitude  of  the  place,  re¬ 
main  perpetually  (together  with  the  liars  in¬ 
cluded  within  them)  under  the  horizon,  and  are 
never  vifible  to  us. 

In  an  oblique  fphere  there  is  one  parallel  which 
is  as  far  diflant  from  the  elevated  pole,  as  the 
place  is  from  the  equator.  This  parallel  is  called 
the  circle  of  perpetual  apparition,  or  the 
largelt  of  all  thofe  which  conllantly  appear;  the 
liars  included  within  it  never  either  rife  or  fet, 
though  they  are  at  times  more  elevated  above 
the  horizon  than  at  others.  Towards  the  other 
pole  there  is  another  circle,  oppofite  to  this, 
which  is  the  circle  of  perpetual  occultation. 
All  the  liars  that  are  contained  within  this. 


never 
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never  rife,  but  lie  hid  under  the  horizon,  and 
are  never  feen. 

An  Explanation  oe  the  Phenomena  which 

ARISE  FROM  THE  MOTION  OF  THE  EaRTH,  AND 

OF  THE  INFERIOR  PLANETS,  MERCURY  ANI> 

Venus. 

It  will  be  neceflary  in  this  place  to  define 
more  exadly  fome  words  which  have  been  (lightly 
explained  before,  and  recall  the  reader's  attention 
to  fome  definitions  that  have  been  already  given ; 
and  it  is  prefumed,  that thefe  repetitions  will  not 
be  an  objed  of  complaint,  becaufe  they  will 
anfwer  the  beneficial  purpole  of  grounding  the 
reader  more  firmly  intheknowledgeof  thefcience, 
to  which  this  effay  is  intended  as  an  introduction! 

V  hen  two  planets  are  feen  together  in  the  fame 
fign  of  the  zodiac,  and  equally  advanced  therein, 
they  are  faid  to  be  in  conjunction.  But  when 
they  are  in  oppofite  figns  of  the  zodiac,  they  are 
faid  to  be  in  opposition.  Thus  a  planet  is  faid 
to  be  in  oppofition  to  the  fun,  when  the  earth  is 
between  the  fun  and  the  planets. 

The  elongation  of  a  planet  is  it’s  apparent 
difiance  from  the  fun.  When  a  planet  is  in  con¬ 
junction  with  the  fun,  it  has  no  elongation ;  when 
in  oppofition,  it’s  elongation  is  1 80  degrees. 

The  nodes  of  a  planet’s  orbit  are  thofe  two 
points  where  the  orbit  cuts  the  plane  of  the  eclip¬ 
tic.  We  before  obferved/  that  the  orbits  of  all 
5  the 
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the  planets  are  inclined  to  the  plane  of  the  cclip^ 
tic,  and  confequently  crofs  this  plane.  In  fig.  3, 
plate  III.  A  B  C  D  is  the  plane  of  the  ecliptic } 
EBFD  is  the  orbit  of  a  planet,  in  which  the 
points  B  and  D  are  the  tw  o  nodes. 

The  line  of  the  nodes  is  a  line  BD,  fuppo- 
fed  to  be  drawn  through  the  fun  from  one  node  to 
the  other.  The  limits  of  a  planet's  orbit  are 
two  points  in  the  middle  betw  een  the  two  nodes. 
The  point  E  is  called  the  greateft  northern  limit, 
F  the  greateft  fouthern  limit. 

The  greateft  diftance  of  the  earth,  or  of  any 
planet  from  the  fun,  is  called  it’s  aphelion,  or 
higher  apfis ;  it’s  leaft  diftance  is  called  the  peri¬ 
helion,  or  lower  apfis. 

Thus  in  fig-  4,  platfc  III.  A  is  the  place  of  the 
aphelion,  P  that  of  the  perihelion. 

The  axis,  P  A,  fig.  4,  of  any  planet’s  ellipfis,  is 
called  the  line  of  the  apsides:  the  extreme 
points  of  it’s  fhorteft  diameter  T  V  are  the  places 
of  it’s  mean  diftance  from  the  fun;  and  SI, 
or  S  V,  the  line  of  it’s  mean  diftance. 

When  a  planet  moves  according  to  the  order 
of  the  figns,  it’s  motion  is  faid  to  be  direct,  or 
IN  coNSEoyENTiA  ;  but  when  it’s  motion  is  con¬ 
trary  to  the  order  of  the  figns,  it  is  faid  to  be 
retrograde,  or  in  antecedentia. 

The  place  in  the  ftarry  heavens  that  any  planet 
appears  in,  when  feen  from  the  center  of  the 
earth,  is  called  it’s  geocentric  place.  The 

place 
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place  where  it  would  be  feen  in  the  celeftial 
sphere,  by  an  obferver  fuppofed  to  be  in  the  fun, 
is  called  it’s  heliocentric  place. 

Of  the  Motions  of  the  inferior  Planets, 
Venus  and  Mercury. 

There  are  two  different  fituations,  in  which  an 
inferior  planet  will  appear  in  conjun&ion  w  ith  the 
fun  ;  one  when  the  planet  is  between  the  fun  and 
the  earth,  the  other  when  the  fun  is  between  the 
earth  and  the  planet.  Let  A,  fig.  2,  plate  VII. 
be  the  earth  in  it’s  orbit,  E  the  place  of  Venus  in 
her  orbit  EHG,  S  the  fun,  FVPQRTD  an 
arc  in  the  ftarry  heavens.  In  this  fituation  the 
fun  and  Venus  are  on  the  fame  fide  of  the  earth, 
and  will  appear  in  the  fame  point  of  the  heavens, 
fo  as  to  be  in  conjunction.  If  the  earth  is  at  A, 
and  Venus  at  G,  they  will  alio  appear  to  be  in 
conjun&ion. 

If  the  earth  is  at  A,  the  fun  at  S,  the  planet 
at  E,  nearer  to  the  earth  than  the  fun,  it  is  called 
it’s  inferior  conjunction.  But  if  the  earth  is 
at  A,  and  the  planet  at  G,  farther  from  the  earth 
than  the  fun,  this  is  called  the  superior  cqn~ 
junction  of  the  planet. 

If  all  inferior  planet  is  at  E,  the  earth  at  A, 
and  the  fun  at  S,  the  elongation  is  nothing,  the 
planet  being  then  in  it’s  inferior  conjunction.  As 
the  planet  moves  from  E  to  y,  it’s  elongation  in, 
creafes ;  for  when  it  is  at  y,  it  appears  in  the  line 
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Ay  P,  while  ^un  aPPears  ^ne  ASQj 
fo  that  P  A  Q^will  be  it’s  elongation.  When  the 
planet  is  arrived  at  x,  it  appears  in  the  line  A  x 
V,  which  is  a  tangent  to  it’s  orbit,  and  then  it’s 
elongation  is  V  A  which  is  the  greateft  that 
can  be  on  that  fide  the  fun  ;  for  after  this,  the 
elongation  decreafes.  When  the  planet  is  at  K, 
it’s  elongation  is  P  A  Qj  when  at  G,  it  is  no¬ 
thing,  becaufe  it  is  then  in  it’s  fuperior  conjunc¬ 
tion;  as  the  planet  moves  on  from  G,  it’s 
elongation  again  increafes  ;  for  when  it  comes  to 
C,  it  appears  in  the  line  A  C  R,  and  it’s  elonga¬ 
tion  is  R  A  When  the  planet  comes  to  H,  a 
line  drawn  from  the  earth  through  the  planet  is  a 
tangent  to  the  orbit,  and  the  elongation  is  T  A  Q , 
the  greateft  it  can  have  when  it  is  on  the  other 
fide  of  the  fun  ;  for  after  this,  the  elongation 
again  decreafes. 

Hence  it  is  clear,  that  the  inferior  planets  can 
never  appear  far  from  the  fun,  but  muft  always 
accompany  it  in  it’s  apparent  motion  through  the 
ecliptic.  When  we  fee  either  Venus  or  Mercury, 
it  is  either  in  an  evening,-  in  the  weft,  foon  after 
the  fun  has  fet;  or  in  a  morning,  a  little  before 
the  fun  rifes.  Venus  is  indeed  bright  enough  fomc- 
times  to  be  feen  in  the  day-time,  but  then  fhe  is 
never  far  from  the  fun.  The  greateft  elongation 
of  Venus  is  about  40,  and  of  Mercury  about  33 
degrees. 
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If  the  earth  is  at  A,  fig.  2,  plate  VII.  when 
Venus  appears  in  any  part  of  the  arc  ExG,  fhe 
is  weftward  from  the  fun.,  and  therefore  rifes  be¬ 
fore  him  in  the  morning,  and  is  called  the 
morning  star.  When  file  appears  any-wherc 
in  the  arc  G  H  E,  Ihe  is  eaftward  from  the  fun, 
and  therefore  fets  after  him  ;  is  feenin  the  even¬ 
ing,  and  is  then  the  evening  star. 

From  the  apparent  motions  of  the  inferior 
planets,  we  derive  an  argument  to  prove  the  fal- 
fity  of  the  Ptolemaic  fyftem.  If  the  earth  was 
within  the  orbit  of  Venus,  as  the  Ptolemaic 
fyftem  fuppofes,  fhe  might  be  fometimes  on  one 
fide  of  the  earth,  whilft  the  fun  is  on  the  oppofite 
fide ;  or  Venus  might  be  fometimes  in  oppolition 
to  the  fun  ;  but  Venus  is  never  feen  in  oppolition. 
Therefore  the  earth  is  on  the  outfideof  the  orbit 
of  Venus,  and  confequently  the  Ptolemaic  fy fiem 
is  not  true.  The  fame  is  alfo  true  of  Mercury. 
But  this,  and  fome  other  circumftances  relative 
to  the  motions  of  thefe  planets,  will  be  better  un- 
derftood  by  a  planetarium  than  by  any  diagram. 

We  have  now  to  explain,  why  the  inferior 

PLANETS  APPEAR  TO  MOVE  SOMETIMES  IN  ONE 
DIRECTION,  SOMETIMES  IN  THE  CONTRARY  ORDER, 
AND  AT  OTHER  TIMES  TO  BE  STATIONARY.  This 

is  eafily  done  on  the  Copernican.  fyftem,  it  being 
the  natural  refult  of  the  refpedtive  fituations  and 
motions  of  the  earth  and  thefe  planets.  But  on 
the  Ptolemaic  fyftem  it  is  inexplicable,  without 

calling 
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calling  in  the  aid  of  a  very  complicated  hypo¬ 
thecs. 

When  the  inferior  planets  are  palling  from 
their  greateft  elongation,  on  one  fide  of  the  fun, 
through  their  fuperior  conjunction,  to  their  great- 
eft  elongation  on  the  other  fide,  their  motion,  as 
viewed  from  the  earth,  is  dirccft.  In  order  to 
explain  this  propofition,  we  fhall  firft  fuppofe  the 
earth  to  be  at  reft  at  A,  fig.  2,  pi.  VII.  and 
corred  this  fuppofition  afterwards,  by  fhewing 
that  the  apparent  motion  of  Venus,  or  Mercury, 
fisen  from  the  earth,  is  the  fame  in  this  refped, 
whether  the  earth  moves  in  it’s  orbit,  or  refts 
at  A. 

The  propofition  to  be  explained  is  this  :  that 
as  Venus,  for  inftance,  moves  from  x,  it’s 
greateft  elongation  on  one  fide  of  the  fun, 
through  G  it’s  fuperior  conjunction,  to  H  it's 
greateft  elongation  on  the  other  fide,  it  will  ap¬ 
pear  to  a  fpedator  upon  the  earth,  to  move  from 
weft  to  eaft  according  to  the  order  of  the  figns ; 
that  is,  it’s  geocentric  motion  will  be  dired. 

The  planets  move  round  the  fun  from  weft  to 
eaft,  and  consequently  if  there  was  a  fpedator  at 
the  fun,  they  would  appear  to  him  to  move 
through  the  zodiac,  according  to  the  order  of  the 
figns ;  or  in  other  w  ords,  the  heliocentric  motion 
of  Venus  is  dired.  Now  if  the  fun  and  the 
earth  A,  are  borh  on  the  fame  fide  of  the  planet, 
a  fpedator  at  the  earth  is  in  the  fame  fituation 
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with  refped  to  the  planet  and  it's  motion,  as  if 
he  had  been  at  the  fun  :  for  whilft  the  planet  is 
moving  from  x,  through  G  to  H,  a  fpedator 
either  at  A  or  S  is  on  the  concave  fide  of  the 
planet’s  orbit ;  and  confequently  the  planet  will 
appear  to  move  in  the  fame  manner  from  either; 
but  the  apparent  motion  of  the  planet,  when  feen 
from  the  lun,  is  dired,  and  confequently  it’s  mo¬ 
tion,  when  feen  from  the  earth,  will  alfo  be 
dired. 

When  Venus  is  at  x,  it  appears  to  a  fpedator 
on  the  earth  at  A,  to  be  in  the  line  A  x  V,  or  is 
feen  among  the  ftars  at  V  ;  when  Venus  has  mo¬ 
ved  to  K,  it  is  feen  among  the  fixed  ftars  at  P; 
when  it  has  moved  to  G,  it  is  in  it’s  fuperior  con- 
jundion;  when  it  has  moved  to  C,  it  appears 
among  the  fixed  ftars  at  R  ;  and  when  it  is  come 
to  K,  it  appears  among  the  fixed  ftars  at  T. 
Thus  whilft  Venus  has  moved  in  it’s  orbit  from 
x,  it’s  greateft  elongation  on  one  fide  of  the  fun, 
through  G  it’s  fuperior  conjundion,  to  H  it’s 
greateft  elongation  on  the  other  fide,  it  appears 
to  have  deferibed  the  arc  V  P  Q  R  T  in  the  con¬ 
cave  fphere  of  the  heavens ;  but  the  letters  x  K 
GCH  lie  from  weft  to  eaft,  becaufe  they  lie  in 
the  fame  diredion  that  the  planet  moves  round 
the  fun ;  and  the  letters  V  P QR  T  lie  in  the 
fame  diredion  with  xKGCH.  Therefore,  as 
the  planet  feems  to  a  fpedator  on  the  earth,  to 
defcribe  the  arc  V  P  QR  T,  it’s  apparent  mo- 
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tion,  feen  from  the  earth,  is  direCt,  or  from  weft 
to  eaft. 

As  the  inferior  planets  move  from  their  greateft 
elongation  on  one  fide  of  the  fun,  through  their 
inferior  conjunction,  to  their  greateft  elongation 
on  the  other  fide,  their  geocentric  motion  is 

RETROGRADE. 

Whilft  Venus,  for  inftance,  is  moving  from 
it’s  greateft  elongation  H,  plate  VII.  fig.  3, 
through  it’s  inferior  conjunction  E,  to  it’s  other 
greateft  elongation  x,  it  appears  to  a  fpedtator 
upon  the  earth  at  A,  to  move  backwards,  or 
from  eaft  to  weft,  contrary  to  the  order  of  the 
figns. 

A  fpediator  at  the  fun  is  on  the  concave  fide  of 
the  planet’s  orbit.  But  whilft  Venus  is  moving 
from  it’s  greateft  elongation  H  on  one  fide, 
through  E  it’s  inferior  conjunction,  to  x  it’s 
greateft  elongation  on  the  other  fide,  a  fpeCtator 
upon  the  earth  is  on  the  convex  fide  of  it’s  orbit. 

Therefore,  if  a  fpeClator  at  the  fun  S  w  ould  fee 
the  planet  move  one  way,  a  fpeClator  at  the  earth 
A  w ill  fee  it  move  the  contrary  way  ;  or  the  geo¬ 
centric  motion  will  be  contrary  to  it’s  heliocentric 
motion,  and  therefore  retrograde ;  for  as  feen 
from  the  fun,  it’s  motion  is  always  direCh 

That  two  fpeeftators,  one  at  the  earth,  the 
other  at  the  fun,  as  they  are  on  contrary  lides  of 
the  arc  H  E  x,  will  fee  the  planet  apparently 
move  contrary  w  ays,  may  be  rendered  more  plain 

by 
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fey  the  following  familiar  confideration.  If  two 
men  (land  with  their  faces  towards  each  other, 
and  a  ball  is  rolled  along  upon  the  ground,  this 
ball  will  move  from  the  right  hand  of  one  of  the 
men  towards  his  left,  and  from  the  left  hand  of 
the  other  towards  his  right.  In  like  manner,  if 
one  man  is  at  the  earth  A,  and  the  other  at  the 
fun  S,  then  whilft  the  planet' is  deferibing  the  arc 
Id  e  x  w  hich  is  between  them,  it  will  appear  to 
move  from  the  right  hand  of  the  man  at  S  to¬ 
wards  his  left,  and  from  the  left  hand  of  the  man 
at  A  towards  his  right. 

Whilft  the  motion  of  Venus  is  direft,  or  while 
it  is  deferibing  the  arc  x  G  H,  it  appears  to  move 
from  V  to  T,  among  the  fixed  ftars.  But  after  it 
has  been  carried  in  it's  orbit  from  H  to  it  ap¬ 
pears  in  the  line  A  z  R,  and  is  fecn  among  the 
fixed  ftars  at  R.  When  it  comes  to  E,  it  appears 
at  Q;  and  when  at  y,  it’s  apparent  place  in  the 
heavens  is  at  P.  Thus  as  the  planet  pafles  from 
it’s  greateft  elongation  H  oil  one  fide  of  the  fun, 
through  it’s  inferior  conjunction  E,  to  it’s  greateft 
elongation  x  on  the  other  fide,  it  apparently  runs 
back  from  T  to  V. 

"Venus  is  ftationary,  or  has  no  apparent  motion 
for  fome  time,  when  it  is  at  it’s  greateft  elonga¬ 
tion  ;  that  is,  when  it  is  at  H  or  x,  and  it’s  ap¬ 
parent  place  is  either  at  T  or  V. 
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When  either  of  the  inferior  planets,  Venus  for 
inftance,  is  at  it’s  greateft  elongation  H  or  x,  a 
line  drawn  from  the  earth  through  the  planet,  as 
A  H  T,  or  A  x  V,  is  a  tangent  to  the  orbit. 
Now  though  a  right  line  touches  a  circle  but  in 
one  point,  yet  fome  part  of  the  circle  greater  than 
a  point  is  lb  near  to  the  tangent,  as  not  to  be  dif- 
tinguifhed  from  it.  Thus  the  arc  b  d  fo  nearly 
coincides  with  the  tangent  A  H  T,  that  a  fpe&a- 
tor’s  eye  placed  at  A,  could  not  diftinguilh  the 
tangent  from  this  part  of  the  curve.  Confe- 
quently,  while  the  planet  is  defcribing  this  arc, 
no  other  change  will  be  made  in  it’s  geocentric 
place,  that  if  it  was  to  move  in  the  tangent. 

But  the  geocentric  place  of  the  planet  would 
not  be  altered,  if  the  planet  was  to  move  in  the 
tangent.  For  if  it  was  to  move  from  T  towards 
A,  or  from  A  to  V,  the  apparent  place  of  it  in  the 
heavens  would  in  one  cafe  be  at  T. ,  in  the  other 
cafe  at  V.  Therefore,  while  the  planet  is  at  it’s 
greateft  elongation,  and  is  defcribing  a  fmall  arc 
in  it’s  orbit,  that  nearly  coincides  with  the  tan¬ 
gent,  it’s  geocentric  place  does  not  alter,  but  it 
appears  to  continue  for  fome  time  in  the  fame 
part  of  the  heavens,  or  is  ftat ionary. 

We  have  hitherto  fuppofed  the  earth  to  be  at 
reft,  and  upon  that  fuppolition  have  explained 
the  progrefs  and  regrefs,  the  conjunctions  and 
ftations  of  the  inferior  planets.  If  this  fuppoli¬ 
tion  was  true,  V  T,  or  the  arc  which  the  planet 

at 
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at  any  time  defcribes  in  it’s  progrefs.  and  T  V, 

,  arc  which  k  defcr‘bes  in  it’s  regrefs,  would 
always  be  in  the  fame  part  of  the  heavens..  The 
planet,  when  in  conjunction,  would  always  ap¬ 
pear  at  Qjtmong  the  fame  fixed  liars ;  and  at 
it’s  elongation,  or  when  it  is  ftationary,  it  would  I 
always  appear  among  the  fame  fixed  liars  T  on" 
one  fide  of  the  fun,  and  at  V  on  the  other  fide 
Hut  this  fuppofition  is  not  true ;  for  the  earth 
revolves  in  it’s  orbit  ABO  round  the  fun.  Now 
>fthe  earth  is  at  A,  the  time  of  either  coniunc- 
10n' 1  6  p,anct  at  this  conjunction  would  appear 
among  the  fixed  liars  at  Q,  and  the  arcs  of  the 

eacTfideofrlfTn  ^  a"d  Q-T-  ^ld  be  on 

at  the  time  of eithcr^V  the'  'f.t^Varth  is  at  B* 
r  ,.  the  conjunctions,  then  at 

time  of  this  conjunction,  the  planet  will  ap¬ 
pear  m  the  hne  B  S  T,  and  be  feen  among  the 

EaTion  m  h  ’  ^  ‘he  0ftheg‘“tell ‘elon¬ 

gation  will  be  on  each  fide  of  thefe  liars,  that  is 

e  conations  and  elongations  will  happen  in 

a  different  part  of  the  heavens,  when  the  earth  is 

A  In  othe  "  7  '7  happCn  when  the  ea«h  is  at 
willt  tHe  Porcg°mg  phenomena 

2  f  7  tlle  fame-  n°twith(landing  the  mo- 

dhed  n  tTh7oy  thC  Planct  H  ,il  be 

r  ‘  ‘7hc  farthek  Part  of  the  orbit,  and  lefs 

retrograde  in  the  neared. 

The  inferior  phtnets  always  appear  very  near 
fun;  but  by  the  motion  of  the  earthin  it’s 
*  2  orbit4 
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orbit,  the  fun  appears  in  different  parts  of  the 
heavens,  in  different  times  of  the  year.  There-; 
fore  the  inferior  planets,  as  they  are  always  very 
near  the  fun,  will  alfo  appear  in  different  parts  of 
the  heavens,  at  different  times  of  the  year.  And 
confequently  their  conjunctions  and  greateft 
elongations  will  fometimes  happen  when  they  are 
in  one  part  of  the  heavens,  and  fometimes  when 
they  are  in  another  part.  Venus,  feen  from  the 
earth,  will  appear  to  vibrate  in  an  arc  V  T,  half 
of  which  is  on  one  fide  of  the  fun’s  apparent 
place,  and  half  on  the  other  fide. 

When  an  inferior  planet,  viewed  from  a  fupe- 
rior,  moves  apparently  retrograde,  the  fuperior 
planet  has  alfo  an  apparently  retrograde  motion. 

When  a  fuperior  planet,  viewed  from  an  infe¬ 
rior,  appears  flationary,  the  inferior  planet  viewed 
at  the  fame  time  from  the  fuperior,  is  alfo 
flationary. 

There  is  alfo  another  particular  to  be  taken 
notice  of,  with  regard  to  the  apparent  motion  of 
the  inferior  planets,  viz.  that  they  do  not  feem  tq 
deferibe  the  ecliptic  in  the  heavens  as  the  fun 
does,  but  are  obferved  to  be  fometimes  above, 
and  fometimes  below  it.  The  reafon  of  this  is, 
that  their  orbits  are  inclined  to  the  plane  of  the 
earth’s,  having  one  half  above  it,  and  the  other 
below  it,  on  which  acount  they  interfed  the 
plane  of  the  ecliptic,  in  a  plane  that  paffes  through 
the  center  of  the  fun ;  this  line  is  called  the  line 

nr 
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bf  the  nodes.  Thefe  planets,  therefore,  never 
appear  in  the  ecliptic,  except  when  they  arc 
in  their  nodes :  in  all  other  parts  of  their  orbit 
they  feem  to  be  more  or  lefs  diftant  from  it,  ac¬ 
cording  as  they  are  fituated  with  refpedt  to  them 
and  the  earth. 

The  diftance  of  a  planet  from  the  ecliptic,  as 
it  would  appear  if  feen  from  the  center  of  the 
earth,  is  called  it’s  geocentric  latitude;  as  it 
Would  appear  from  the  center  of  the  fun,  is  called 

It’S  HELIOCENTRIC  LATITUDE. 

Of  the  superior  Planets. 

We  have  already  obferved,  that  the  greateft 
elongation  of  either  of  the  inferior  planets  is  lefs 
than  900,  or  a  quarter  of  a  circle  ;  fo  that  they  are 
never  far  from  the  fun,  but  conftantly  attend  iu 
But  the  fuperior  planets  do  not  always  accom¬ 
pany  the  fun,  as  we  have  {hewn  that  the  inferior 
ones  do;  they  are  indeed  fometimes  in  conjunc¬ 
tion  with  it,  but  then  they  are  alfo  fometimes  in 
oppofnion  to,  or  1 8o°  from  it. 

Let  S,  fig.  3>  plate  VII.  be  the  fun  ;  A  B  C  D 
the  orbit  of  any  fuperior  planet,  Mars,  for  in- 
ftance ;  E  F  G  the  earth’s  orbit.  If  the  earth  be 
at  E,  the  fun  at  S,  and  the  planet  at  D,  the  fun 
and  the  planet  will  be  both  on  the  fame  fide  of 
the  earth  ;  and  confequently  the  planet  will  ap¬ 
pear  in  conjunction  with  the  fun.  But  as  the 
orbit  of  the  earth  is  between  the  fun  and  the 
1 3  orbit 


astronomical  essays. 


m 

orbit  of  the  fuperior  planet,  it  is  poflible  for  the 
earth  to  be  between  the  fun  and  the  planet,  and 
confequently  for  the  planet  and  the  fun  to  be  on 
oppofite  fides  of  the  earth,  or  the  planet  to  be 
in  oppofition ;  thus,  if  when  the  earth  is  at  E, 
Mars  be  at  A,  he  is  then  in  oppofition  to  the 
fun. 

A  fuperior  planet  is  in  quadrature  with  the 
fun,  w  hen  it’s  geocentric  place  is  90°  from  the 
geocentric  place  of  the  fun  ;  thus  if  the  earth  be 
at  E,  and  Mars  at  B  or  C,  he  is  in  quadrature 
with  the  fun ;  for  the  lines  A  E,  E  B,  form  a 
right  angle,  as  do  alfo  the  lines  E  A,  EC. 

As  the  earth  goes  round  the  fun  in  lefs  time, 
and  in  a  lefs  orbit  than'  any  of  the  fuperior  pla¬ 
nets',  it  will  not  be  amifs  to  fuppofe  a  fuperior 
planet  to  Hand  ftill  in  fome  part  of  it’s  orbit, 
while  the  earth  goes  once  round  the  fun  in  her’s, 
and  confider  the  appearances  the  planets  would 
then  have,  which  are  thefe:  1.  While  the  earth 
is  in  her  mod  diftant  femicirclc,  the  apparent 
motion  of  the  planet  would  be  dired.  2. 
While  the  earth  is  in  her  neareft  femicirclc,  the 
planet  would  be  retrograde.  3.  While  the  earth 
is  near  the  points  of  contad  of  a  line  drawn 
from  the  planet,  fo  as  to  be  a  tangent  to  the 
earth’s  orbit,  the  planet  would  be  ftationary. 

To  illuftrate  this,  let  A  B  C  D  E  F  G  H,  plate 
VIII.  fig.  1,  be  the  orbit  of  the  earth,  S  the 
fun,  PQO  V  the  orbit  of  Mars,  LMNT  an 

arc 
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arc  of  the  ecliptic.  Let  us  fuppofe  the  planet 
Mars  to  continue  at  P,  while  the  earth  goes 
round  in  her  orbit,  according  to  the  order  of 
the  letters  ABC,  &c.  ABCDEFGH  may 
be  confidered  as  fo  many  flations,  from  whence 
an  inhabitant  of  the  earth  would  view  Mars  at 
different  times  of  the  year;  and  if  (trait  lines 
be  drawn  from  each  of  thefe  flations,  through 
Mars  at  P,  and  continued  to  the  ecliptic,  they 
will  point  out  the  apparent  place  of  Mars,  at 
thefe  different  flations. 

Thus  fuppofing  the  earth  at  A,  the  planet  will 
be  feen  among  the  flars  at  L;  when  the  earth  is 
arrived  at  B,  the  planet  will  appear  at  M;  and 
in  the  fame  manner  when  at  C  D  and  E,  it  will 
be  feen  among  the  flars  at  NR  T;  therefore, 
while  the  earth  moves  over  the  large  part  of  the 
orbit  A  B  C  D  E,  the  planet  will  have  an  appa¬ 
rent  motion  from  L  to  T,  and  this  motion  is  from 
weft  to  eaft,  or  the  fame  way  with  the  earth ;  and 
the  planet  is  faid  to  move  diraft,  or  according  to 
the  order  of  the  figns.  When  the  earth  is  near 
to  A  and  E,  the  point  of  contacft  of  the  tangent 
to  the  earth’s  orbit,  the  planet  will  be  ftationary 
for  a  fhort  fpace  of  time. 

When  the  earth  moves  from  E  to  H,  the  pla¬ 
net  feems  to  return  from  T  to  N;  and  while  it 
moves  from  H  to  A,  it  will  be  retrograde  to  L, 
where  it  will  again  be  ftationary:  and  fince  the 
part  of  the  orbit  which  the  earth  deferibes  in 
*  4  palling 
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parting  from  A  to  E,  is  much  greater  than  the 
part  E  H  P,  though  the  fpace  T  L  which  the 
planet  deferibes  in  dired  and  retrograde  motion 
is  the  fame,  the  dired  motion  from  L  to  T  mull 
be  much  flower  than  the  retrograde  motion  from 
T  to  L. 

When  the  earth  is  at  C,  a  line  drawn  from  C 
through  S  and  P  to  the  ecliptic,  Ihews  that  Mars 
is  then  in  conjundion  with  the  fun.  But  when 
the  earth  is  at  H,  a  line  drawn  from  H  through 
P,  and  continued  to  the  ecliptic,  would  termi¬ 
nate  in  a  point  oppofite  to  S;  therefore  in  this 
fituation  Mars  would  be'  in  oppofition  to  the  fun. 
Thus  it  appears  that  the  motion  of  Mars  is  dired 
when  in  conjundion,  and  retrograde  when  in 
oppofition. 

The  retrograde  motions  of  the  fuperior  planets 
happen  oftener,  the  flower  their  motions  are ;  as 
the  retrograde  motions  of  the  inferior  planets  hap¬ 
pen  oftener,  the  fwifter  their  angular  motions. 
Becaufe  the  retrograde  motions  of  the  fuperior 
planets  depend  upon  the  motions  of  the  earth ; 
but  tliofe  of  the  inferior  on  their  own  angular 
motion.  A  fuperior  one  is  retrograde  once  in 
each  revolution  of  the  earth ;  an  inferior  one  in 
every  revolution  of  it’s  Own. 

The  fuperior  planets  are  fometimes  nearer  the 
earth  than  at  other  times ;  they  alfo  appear  larger, 
or  fmaller,  according  to  their  different  diftances 
from  us.  Thus  fuppofe  the  earth  to  be  at  C ;  if 
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Mars  be  at  P,  he  is  the  whole  diameter  of  the 
earth’s  orbit  nearer  to  us,  than  if  he  were  at  V, 
and  confequently  his  dife  muft  appear  larger  at  V 
than  it  would  be  at  P.  In  other  places,  the 
diftances  of  Mars  from  the  earth  are  inter¬ 
mediate. 

The  diameter  of  the  earth's  orbit  bears  a 
greater  ratio  to  the  diameter  of  the  orbit  of  Mars, 
than  it  does  to  the  diameter  of  the  orbit  of  Jupi¬ 
ter  ;  and  a  greater  to  that  of  Jupiter,  than  of 
Saturn ;  and  confequently  the  difference  between 
the  greateft  and  lead  apparent  diameters  is 
greater  in  Mars  than  in  Jupiter,  and  greater  in 
Jupiter  than  in  Saturn. 

1  he  fuperior,  like  the  inferior  planets,  do  not 
always  appear  in  the  ecliptic,  their  orbits  being 
inclined  alfo  to  that  of  the  earth ;  one  half  is 
therefore  above  the  ecliptic,  the  other  half  below 
it,  nor  are  they  ever  feen  in  it  but  when  they  are 
in  their  nodes. 

If,  therefore,  two  planets  happen  to  be  in  con¬ 
junction,  at  the  time  they  come  near  the  node  of 
one  of  them,  they  would  be  feen  from  the  fun 
apparently  to  touch  one  another;  and  the  fartheft 
of  thofe  planets  from  the  fun  would  fee  the 
neared  moving  over  the  face  of  the  fun,  like  a 
black  fpot,  being  then  dire&ly  between  the  fun 
and  the  remoter  planet.  So  the  planet  Venus 
was  obferved  from  the  earth,  in  the  tranfits  of  the 
years  1761,  and  1769.  Alfo,  fhould  an  oppo- 

fition 
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fition  of  two  planets  happen  near  a  node  of  one 
of  them,  the  fun  being  then  diredtly  between 
them,  would  hide  the  light  of  one  from  the 
other. 

That  the  Planets  are  opake  Bodies,  and 
derive,  their  Light  from  the  Sun. 

That  the  planets  are  all  opake,  or  dark  bodies, 
and  confequently  fhineonly  by  the  light  they  re¬ 
ceive  from  the  fun,  is  plain,  becaufe  they  are  not 
vifible  when  they  are  in  fuch  parts  of  their  orbits 
as  are  between  the  fun  and  earth,  that  is,  when 
their  illuminated  fide  is  turned  from  us. 

The  fun  enlightens  only  half  a  planet  at  once; 
the  illuminated  hemifphere  is  always  that  which 
is  turned  towards  the  fun,  the  other  hemifphere 
of  the  planet  is  dark.  Tofpeak  with  accuracy, 
the  fun  being  larger  than  any  of  the  planets,  will 
illuminate  rather  more  than  half ;  but  this  differ¬ 
ence,  on  account  of  the  great  diftance  of  the  fun 
from  any  of  the  planets,  is  fo  final  1,  that  it’s  light 
may  be  confidered  as  coming  to  them  in  lines 
phyfically  parallel. 

Like  other  opake  bodies,  they  cafi:  a  (hadow 
behind  them,  which  is  always  oppofite  to  the  fun. 
The  line  in  the  planet’s  body,  which  diftinguiihes 
the  lucid  from  the  obfeure  part,  appears  fome- 
times  ftrait,  fometimes  crooked.  The  convex 
part  of  the  curve  is  fometimes  towards  the  fplen- 
did,  and  the  concave  towards  that  which  is  ob¬ 
feure* 
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fcure,  and  vjc€  Verfa,  according  to  the  fituation 
of  the  eye  with  refped  to  the  planet,  and  of  the 
fun  which  enlightens  the  planet. 

Hence  the  inferior  planets  going  round  the  fun 
in  lefs  orbits  than  our  earth  does,  will  fometimes 
have  more,  fometimes  lefs  of  their  illuminated 
lide  towards  us;  and  as  it  is  the  illuminated  part 
only  which  is  vifible  to  us,  Mercury  and  Venus 
will,  through  a  good  telefcope,  exhibit  the  feve- 
ral  appearances  of  the  moon,  from  a  fine  thin 
crefccnt  to  the  enlightened  hemifphere. 

If  we  view  Venus  through  a  telefcope,  when 
fhe  follows  the  fun’s  rays  on  the  eaftern  fide,  and 
appears  above  the  horizon  after  fun-fet,  we  fiiall 
fee  her  appear  nearly  round,  and  but  fmall;  file 
is  at  that  time  beyond  the  fun,  andprefents  to  us 
an  enlightened  hemifphere.  As  file  departs  from 
the  fun  towards  the  eafi,  fhe  augments  in  her 
apparent  fize;  and  on  viewing  her  through  a 
telefcope,  is  feen  to  alter  her  figure,  abating  of 
her  apparent  roundnefs,  and  appearing  fuc- 
cefiively  like  the  moon,  in  the  dilferent  ftagesof 
her  decreafe.  At  length,  when  file  is  at  her 
greateft  elongation,  fhe  is  like  the  moon  in  her 
firft  quarter,  and  appears  as  file  docs  when  from 
a  full  file  has  decreafed  to  half  a  moon, 

After  this,  as  fhe  approaches  (in  appearance) 
to  the  fun,  fhe  appears  concave  in  her  illumina¬ 
ted  part,  as  the  moon  when  fhe  forms  a  crefcent ; 
thus  flic  continues  till  fhe  is  hid  entirely  in  the 
5  fun’s 
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fun’s  rays,  and  prefents  to  us  her  whole  darfe 
hemifphcre,as  the  moon  does  in  her  conjunction,- 
no  part  of  the  planet  being  then  vifible. 

When  fhe  departs  out  of  the  fun’s  rays  on 
the  weftern  fide,  we  fee  her  in  the  mornings 
juft  before  day-break.  It  is  in  this  fttuation 
that  Venus  is  called  the  morning  ftar,  as  in  the 
other  fhe  is  called  the  evening  ftar.  She  at  this 
time  appears  very  beautiful,  like  a  fine  thin  cref- 
cent :  juft  a  verge  of  filver  light  is  feen  on  her 
edge.  From  this  period  fhe  grows  more  and 
more  enlightened  every  day,  till  ftie  is  arrived  at 
her  greatcft  digreffion  or  elongation,  when  fhe 
again  appears  as  a  half  moon,  or  as  the  moon  in 
her  firft  quarter;  from  this  time,  if  continued  to’ 
be  viewed  with  a  tclefcope,  fhe  is  found  to  be 
more  and  more  enlightened,  though  fhe  is  all  the 
while  decreafing  in  magnitude,  and  thus  con¬ 
tinues  growing  fmallcr  and  rounder,  till  fhe  is 
again  hid  or  loft  in  the  fun's  rays. 

Fig.  i  and  2,  plate  IX.  reprefents  the  orbits 
of  Venus  and  the  earth,  with  the  fun  in  the  cen¬ 
ter  of  them.  The  planet  Venus  is  drawn  in  eight 
different  fituations,  with  it’s  illuminated  hemi- 
fphercs  towards  the  fun.  If  we  fuppofe  the  earth 
to  be  at  T,  when  Venus  is  at  A,  her  dark  hemi- 
fphere  is  towards  the  earth,  and  fhe  is  therefore 
invifible,  except  the  conjunction  happens  in  her 
node,  for  then  fhe  appears  like  a  dark  fpot  upon 
6  the 
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the  difc  of  the  fun.  When  Venus  is  at  B,  a  lit¬ 
tle  of  her  enlightened  fide  is  turned  towards  the 
earth,  and  therefore  (he  appears  (harp-horned; 
when  lhe  is  at  C,  half  her  enlightened  hemifphere 
is  turned  towards  the  earth,  and  (lie  appears  like 
^n  half  moon ;  at  D,  more  than  half  her  enlight¬ 
ened  hemifphere  is  towards  us,  and  (he  appears 
like  the  moon  about  three  days  before  it  is  full ; 
at  E,  the  whole  enlightened  hemifphere  is  to¬ 
wards  the  earth,  Venus  is  then  cither  behind  the 
fun,  or  fo  very  near  him,  that  (he  can  hardly  be 
feen :  but  if  (he  could,  (he  would  appear  round, 
like  the  full  moon.  At  F  fhe  is  like  the  moon 
three  days  after  the  full ;  at  G  like  a  half  moon 
again;  at  H  like  a  crefcent,  with  the  points  of 
the  horns  turned  the  contrary  way  to  what  they 
were  at  B.  All  this  is  equally  applicable  to 
Mercury. 

Fig.  2,  plate  IX.  exhibits  the  different  appear¬ 
ances  of  Venus,  correfponding  to  her  feveral 
fituations  in  the  foregoing  figure;  thus  when 
Venus  is  at  A.  fig-  I,  die  is  quite  dark,  as  at  A, 
fig.  2 ;  when  (lie  is  at  B,  fig.  i,  (lie  appears  as 
At  B,  fig.  2,  &c. 

The  inferior  planets  do  not  (bine  brightefl: 
when  they  are  full ;  thus  Venus  does  not  appear 
brighteft  in  her  fuperior  conjunction,  though  her 
illuminated  hemifphere  be  then  turned  towards 
us.  Her  fplendor  is  more  diminilhed  by  her 
being  at  a  greater  diflance  from  us,  than  the  con- 
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fpicuous  part  of  her  illuminated  difc  is  increafed. 
Dr.  Halley  has  fhewn,  that  Venus  is  brighteft 
when  her  elongation  from  the  fun  is  about  40*. 
Mercury  is  in  his  greateft  brightnefs,  when  very 
near  his  utmoft  elongation. 

The  fuperior  planets  going  round  the  fun  in 
larger  orbits  than  the  earth,  always  turn  much 
the  greater  part  of  their  enlightened  hemifphere 
towards  it,  and  therefore  appear  round,  like  the 
full  moon,  except  Mars,  who  fometimes  appears 
like  the  moon  at  a  little  diftance  from  the  full. 

Jupiter  and  Saturn  are  fo  remote,  that  they 
turn  very  nearly  the  fame  hemifphere  towards  us, 
that  they  do  towards  the  fun ;  for  which  reafon, 
thofe  planets  always  appear  round  through  the 
telefcope. 

Of  the  Moon’s  Motion. 

It  has  been  already  obferved,  that  four  of  the 
primary  planets,  the  earth,  Jupiter,  Saturn,  and 
the  Georgium  Sidus,  are,  in  their  revolutions 
round  the  fun,  attended  by  fecondary  planets. 

As  the  moon  turns  round  the  earth,  enlighten¬ 
ing  our  nights,  by  reflecting  the  light  (he  receives 
from  the  fun,  fo  do  the  other  fatellites  enlighten 
the  planets  to  which  they  belong,  and  move 
round  thofe  planets  at  different  periods  of  time, 
proportioned  to  their  feverai  diftances;  and  as 
the  moon  keeps  company  with  this  earth,  in  it’s 
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annual  revolution  round  the  fun,  fo  do  they  feve- 
rally  accompany  the  planets  to  which  they  belong 
in  their  feveral  courfes  round  that  luminary. 

We  fhall  fpeak  here  only  of  the  moon,  which 
of  all  the  heavenly  bodies,  excepting  the  fun,  is 
the  moft  fplendid  and  brilliant,  the  infeparable 
companion  and  attendant  of  our  earth.  In  my¬ 
thology  fhe  was  confidered  as  Luna,  in  the  hea¬ 
vens  the  radiant  planet  of  the  night,  upon  earth 
as  the  chafte  Diana,  and  as  the  tremendous  He¬ 
cate  in  hell. 

If  we  imagine  the  plane  of  the  moon's  orbit  to 
be  extended  to  the  fphere  of  the  heaven,  it  would 
mark  therein  a  great  circle,  w  hich  may  be  called 
the  moon’s  apparent  orbit;  becaufe  the  moon 
appears  to  the  inhabitants  of  the  earth  to  move  in 
that  circle,  through  the  twelve  figns  of  the  zodiac, 
in  a  periodical  month.  This  pofition  is  illuftrat- 
ed  by  the  following  figure ;  let  E  F  G  H  fjg#  ~ 
plate  X.  be  the  orbit  of  the  earth,  S  the  fun,&a  b 
c  d  the  orbit  of  the  moon,  when  the  earth  is  at 
E:  let  A  B  C  D  be  a  great  circle  in  the  fphere 
of  the  heaven,  in  the  fame  plane  with  the  moon's 
orbit.  1  he  moon,  by  going  round  her  orbit  ac¬ 
cording  to  the  order  of  letters,  appears  to  an  in¬ 
habitant  of  the  earth  to  go  round  in  the  great  cir¬ 
cle  A  B  C  D,  according  to  the  order  of  thofe  let¬ 
ters:  for  when  the  moon  is  at  a,  feen  from  the 
earth  at  E,  flic  appears  at  A  ;  when  the  moon  is 
£ot  to  b,  file  appears  at  B;  when  to  c,  fhe  will 
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appear  at  C;  when  arrived  at  d,  Ihe  will  appear 
at  D.  It  is  true,  when  the  moon  is  at  b,  the 
vifual  line  drawn  from  E,  through  the  moon, 
terminates  in  L;  as  it  does  in  M,  when  the 
moon  is  at  d  j  but  the  lines  L  M  and  D  B  being 
parallel,  and  not  farther  diftant  from  each  other 
than  the  diftance  of  the  earth’s  orbit,  are  as  to 
fenfe  coincident,  their  diftance  meafured  in  the 
fphere  of  the  heaven  being  infenfible;  for  the  fame 
reafon,  though  the  earth  moves  from  E  to  F,  in 
the  time  that  the  moon  goes  round  her  orbit,  fo 
that  at  the  end  of  a  periodical  month  the  moon 
will  be  at  a,  and  is  feen  from  the  earth  at  F,  in  the 
line  FN;  the  moon  will,  notwithflanding,  ap¬ 
pear  at  A,  the  lines  FN  and  E  A  being  parallel, 
and  as  to  fenfe  coincident :  in  like  manner,  in 
whatever  part  of  her  orbit  the  earth  is,  as  at  H 
or  I,  the  moon,  by  going  round  in  her  orbit, 
will  appear  to  an  inhabitant  of  the  earth  to  go 
round  in  the  great  circle  A  B  C  D. 

The  plane  of  the  moon’s  orbit  extended  to 
the  heavens,  cuts  the  ecliptic  in  two  oppofitc 
points. 

The  two  points  where  the  moon’s  apparent  or¬ 
bit  thus  cuts  the  ecliptic,  are  called  the  moon’s 
kodes. 

The  point  where  the  moon  appears  to  crofs  the 
ecliptic,  as  {he  goes  into  north  latitude,  is 
called  the  moon’s  afeending  node,  of  which  this 
is  the  chara&er  & ;  the  point  where  the  moon 
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goes  into  fouth  latitude  is  her  defcending  node, 
and  is  marked  thus  ^ ;  the  moon’s  afcending 
node  is  often  called  the  dragon’s  head;  her  de- 
fcending  node  is  called  the  dragon’s  tail. 

The  line  of  the  moon’s  node  is  a  line  drawn 
from  one  node  to  the  other. 

The  extremities  of  the  line  of  the  nodes  are  not 
always  directed  towards  the  fame  points  of  the 
ecliptic,  but  continually  fhift  their  places  from 
eaft  to  weft,  or  contrary  to  the  order  of  the  figns, 
performing  an  entire  revolution  about  the  earth, 
in  the  fpace  of  fomething  lefs  than  nineteen 
years. 

The  moon  appears  in  the  ecliptic  only  when 
ftie  is  in  one  of  her  nodes;  in  all  other  parts  of 
her  orbit  (he  is  either  in  north  or  fouth  latitude, 
fometimes  nearer  to,  fometimes  further  removed 
from  the  ecliptic,  according  as  (he  happens  to 
be  more  or  lefs  diftant  from  the  nodes. 

When  the  place  in  which  the  moon  appears  to 
an  inhabitant  of  the  earth,  is  the  lame  with  the 
fun  s  place,  {he  is  faid  to  be  in  conjunction. 
When  the  moon’s  place  is  oppofite  to  the  fun’s 
place,  {he  is  faid  to  be  in  opposition.  When 
Ihe  is  a  quarter  of  a  circle  diftant  from  the  fun, 
{he  is  faid  to  be  in  quadrature.  Both  the  con¬ 
junction  and  oppofition  of  the  moon  are  termed 
syzigies. 

The  common  lunar  month,  or  the  time  that 
pafies  between  any  new  moon  and  the  next  that 
K  follows. 
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follows  it,  is  called  a  synodical  month,  or  A 
lunation.  This  month  contains  29  days,  12 
hours,  44  minutes,  3  feconds. 

A  periodic  month  is  the  time  the  moon  takes 
up  to  defcribe  her  orbit ;  or  in  other  words,  the 
tiihe  in  which  the  moon  performs  one  entire  revo¬ 
lution  about  the  earth,  from  any  point  in  the 
zodiac  to  the  fame  again  ;  and  contains  27  days, 

7  hours,  43  minutes. 

If  the  earth  had  no  revolution  round  the  fun, 
or  the  fun  no  apparent  motion  in  the  ecliptic, 
the  periodical  and  fynodical  month  would  be  the 
fame  ;  but  as  this  is  not  the  cafe,  the  moon  takes 
up  a  longer  time  to  pafs  from  one  conjun&ion 
to  the  next,  than  to  defcribe  it’s  whole  orbit ;  or 
the  time  between  one  new  moon  and  the  next,  is 
longer  than  the  moon’s  periodical  time. 

The  moon  revolves  round  the  earth  from  weft 
to  eaft,  and  the  fun  apparently  revolves  round  the 
earth  the  fame  way.  Now  at  the  new  moon,  or 
when  the  fun  and  moon  are  in  conjun&ion,  they 
both  fet  out  from  the  fame  place,  to  move  the 
fame  way  round  the  earth  ;  but  the  moon  moves 
much  fafter  than  the  fun,  and  confequently  will 
overtake  it ;  and  when  the  moon  does  overtake 
it,  ir  will  be  a  new  moon  again.  If  the  fun 
had  no  apparent  motion  in  the  ecliptic,  the 
moon  would  come  up  to  it,  or  be  in  conjunct 
tion  again,  after  it  had  gone  once  round  in 
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it’s  orbit ;  but  as  the  fun  moves  forward  in  the 
ecliptic,  whilft  the  moon  is  going  round,  the 
moon  muft  move  a  little  more  than  once  round, 
before  it  comes  even  with  the  fun,  or  before  it 
Comes  to  conjunction.  Hence  it  is  that  the  time 
between  one  conjunction,  and  the  next  in  fuc- 
ceflion,  is  fomething  more  than  the  time,  the 
moon  takes  up  to  go  once  round  it’s  orbit; 
or  a  fynodical  month  is  longer  than  a  periodical 
one. 

In  %•  3>  plate  IX-  let  S  be  the  fun,  C  F  a 
part  of  the  earth's  orbit,  M  D  a  diameter  of  the 
moon’s  orbit  when  the  earth  is  at  A,  and  m  d 
another  diameter  parallel  to  the  former,  when 
the  earth  is  at  B.  Whilft  the  earth  is  at  A,  if  the 
moon  be  at  D,  lhe  will  be  in  conjunction;  and 
if  he  eat th  was  to  continue  at  A,  when  the  moon 
had  gone  once  round  it’s  orbit,  from  D  through 
M,  fo  as  to  return  to  D  again,  it  would  again  be 
in  conjundion.  Therefore,  upon  the  fuppofition 
that  the  earth  has  no  motion  in  it’s  orbit,  the  pe¬ 
riodical  and  fynodical  months  would  be  equal  to 
one  another.  But  as  the  earth  does  not  continue 
at  A,  it  will  move  forwards  in  it’s  orbit,  during 
the  revolution  of  the  moon  from  A  to  B ;  and  as 
the  moon  s  orbit  moves  w  ith  it,  the  diameter  M 
D  will  then  be  in  the  po  fit  ion  m  d  ;  therefore, 
^vhen  the  moon  has  deferibed  it’s  orbit,  it  will 
be  at  d  in  this  diameter  m  d ;  but  if  the  moon  is 
at  d,  and  the  fun  at  S,  the  moon  will  not  be  in 
K  2  conjunc- 
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conjunaion,  confequently  the  periodical  month 
is  completed  before  the  fynodical.  The  moon, 
in  order  to  come  to  conjunaion,  when  the  earth 
is  at  B,  mull  be  at  e,  in  the  diameter  e  f ;  or  be- 
fides  going  once  round  in  it’s  orbit,  it  mull  alfo 
defcribe  the  arc  d  e.  The  fynodical  month  is, 
therefore,  longer  than  the  periodical,  by  the  time 
the  moon  takes  up  to  defcribe  the  arc  d  e. 

This  mav  be  alfo  explained  in  another  manner, 
by  confidering  the  motion  of  the  fun ;  a  view  ot 
the  fubjea,  that  may  render  it  more  eafy  to  fome 
young  minds  than  the  foregoing.  Thus  let  us 
fuppofc  the  earth  at  reft  at  E,  fig.  4,  plate  IX. 
M  the  moon  in  conjunaion  with  the  fun  at  S, 
w  hile  the  moon  deferibes  her  orbit  ABC  about 
the  earth  at  E,  let  the  fun  advance  by  his  appa¬ 
rent  annual  motion  from  S  to  D.  It  is  plain 
that  the  moon  will  not  come  in  conjunaion  with 
the  fun  again,  till,  befides  deferring  her  orbit, 
fhe  hath  deferibed,  over  and  above,  the  arch 
M  F,  correfponding  to  the  arch  S  D. 

As  the  moon  goes  round  the  earth  in  a  much 
fmaller  orbit  than  that  in  which  the  earth  re¬ 
volves  round  the  fun,  fometimes  more,  fome- 
times  lefs,  and  fometimes  no  part  of  her  enlight¬ 
ened  half  will  be  towards  us ;  hence  (he  is  incefc 
fantly  varying  her  appearance ;  fometimes  ihe 
looks  full  upon  us,  and  her  vifage  is  all  luftre, 
fometimes  fhe  (hews  only  half  her  enlightened 
face,  foon  fhe  appears  as  a  radiant  crefcent,  m 
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a  little  time  all  her  brightnefs  vanishes  and  (he 
becomes  a  beamlcfs  orb. 

The  full  moon,  or  oppolition,  is  that  (late  in 
which  her  whole  difk,  is  enlightened,  and  we  fee 
it  all  bright,  and  of  a  circular  figure.  The  new 
moon  is  when  (he  is  in  conjun&ion  with  the  fun; 
in  this  (late,  the  whole  furface  turned  towards  us 
is  dark,  and  (he  is  therefore  invifible  to  us. 

The  firfl:  quarter  of  the  moon  (he  appears  in 
the  form  of  a  femicircle,  whofe  circumference  is 
turned  towards  the  weft.  At  the  lad  quarter,  (he 
appears  again  under  the  form  of  a  femicircle, 
but  with  the  circumference  turned  tow  ards  the 
ead. 

Thefe  phafes  may  be  illuftrated  in  a  very  plea¬ 
ding  manner  to  the  pupil,  by  expofing  an  ivory 
ball  to  the  fun*  in  a  variety  of  portions,  by  which 
it  may  prefent  a  greater  or  fmaller  part  of  it’s 
illuminated  furface  to  the  obferver.  If  it  be  held 
nearly  in  oppofition,  fo  that  the  eye  of  the  obfer¬ 
ver  may  be  almoft  immediately  betw  een  it  and 
the  fun,  the  greated  part  of  the  enlightened  fide 
will  be  feen ;  but  if  it  be  moved  in  a  circular 
orbit,  towards  the  fun,  the  vifible  enlightened 
part  will  gradually  decreafe,  and  at  lad  difappear, 
when  the  ball  is  held  diredly  towards  the  fun. 
Or  to  apply  the  experiment  more  immediately  to 
our  purpofe  ;  if  the  ball,  at  any  time  when  the 
fun  and  moon  are  both  vifible,  be  held  diredly 
between  the  eye  of  the  obferver  and  the  moon, 
K  3  that 
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that  part  of  the  ball  on  which  the  fun  ftiines,  will 
appear  exa&ly  of  the  fame  figure  as  the  moon 
itfelf. 

The  phafcs  of  the  moon,  like  thofe  of  Venus, 
may  alfo  be  illuftrated  by  a  diagram ;  thus  in  fig. 
I,  plate  X.  let  S  be  the  fun,  T  the  earth,  ABC 
DEFGH  the  orbit  of  the  moon.  The  firft 
obfervation  to  be  deduced  from  this  figure,  is 
that  the  half  of  the  earth  and  moon  which  is  to¬ 
wards  the  fun,  is  w  holly  enlightened  by  it ;  and 
the  other  half,  which  is  turned  from  it,  is  totally 
dark.  When  the  moon  is  in  conjunclion  with 
the  fun  at  A,  her  enlightened  hemifphere  is 
turned  tow  ards  the  fun,  and  the  dark  one  to¬ 
wards  the  earth ;  in  which  cafe,  we  cannot  fee 
her,  and  it  is  faid  to  be  new  moon.  When  the 
moon  has  moved  from  A  to  B,  a  fmall  portion 
a  b  of  her  enlightened  hemifphere  will  be  turned 
towards  the  earth ;  which  portion  will  appear  of 
the  form  reprefented  at  B,  fig.  2,  plate  XI.  (a 
figure  which  exhibits  the  phales  as  they  appear 
to  us). 

As  the  moon  proceeds  in  her  orbit,  according 
to  the  order  of  the  letters,  more  and  more  of  her 
enlightened  part  is  turned  towards  the  earth. 
When  fhe  arrives  at  C,  in  which  polition  fhe  is 
faid  to  be  in  quadrature,  one  half  of  that  part  to¬ 
wards  the  earth  is  enlightened,  appearing  as  at  C 
among  the  phafes ;  this  appearance  is  called  a 
half  moon.  When  Ihe  comes  to  D,  the  greateft 

part 
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part  of  that  half  which  is  towards  us  is  enlight¬ 
ened  ;  the  moon  is  then  laid  to  be  gibbous,  and 
of  that  figure  w  hich  is  feen  at  D,  in  fig.  2. 

When  the  moon  comes  to  F,  fhc  is  in  oppo- 
fition  to  the  fun,  and  confequently  turns  all  her 
illuminated  furface  towards  the  earth,  and  Ihines 
with  a  full  face,  for  which  reafon  fhe  is  called  a 
full  moon.  As  fhe  palfes  through  the  other  half 
of  her  orbit,  from  E  by  F  G,  and  H  to  A  again, 
file  puts  on  the  fame  faces  as  before,  but  in  a 
contrary  order  or  polition. 

As  the  moon,  by  reflected  light  from  the  fun, 
illuminates  the  earth,  fo  the  earth  does  more  than 
repay  her  kindnefs,  in  enlightening  the  furface  of 
the  moon,  by  the  fun’s  reflex  light,  which  fhe 
diflfufes  more  abundantly  upon  the  moon,  than 
the  moon  does  upon  us ;  for  the  furface  of  the 
earth  is  confiderably  greater  than  that  of  the 
moon,  and  confequently  if  both  bodies  reflect 
light  in  proportion  to  their  fize,  the  earth  will 
refled  much  more  light  upon  fhe  moon,  than  it 
receives  from  it. 

In  new  moon,  the  illuminated  fide  of  the  earth 
is  fully  turned  tow  aids  the  moon,  and  the  Luna¬ 
rians  will  have  a  full  earth,  as  we,  in  a  fimilar 
pofition,  have  a  full  moon.  And  from  thence 
arifes  that  dim  light  which  is  obferved  in  the  old 
and  new  moons,  whereby,  befldes  the  bright  and 
fhining  horns,  we  can  perceive  the  reft  of  her 
K  4  body 


A6TRONOMICAL  ESSAYS. 


152 

body  behind  them,  though  but  dark  and  obfcure. 
|sIow  when  the  moon  comes  to  be  in  oppofition 
to  the  fun,  the  earth,  feen  from  the  moon,  will 
appear  in  conjunction  with  him,  and  it’s  dark 
fide  will  be  turned  towards  the  moon,  in  which 
pofition  the  earth  will  be  invifible  to  the  Luna¬ 
rians  ;  after  this,  the  earth  will  appear  to  them 
as  acrefcent.  In  a  word,  the  earth  exhibits  the 
fame  appearance  to  the  inhabitants  of  the  moon, 
that  the  moon  does  to  us. 

The  moon  turns  about  it’s  own  axis  in  the 
fame  time  that  it  moves  round  the  earth ;  it  is  on 
this  account  that  fhc  always  prefents  nearly 
the  fame  face  to  us :  for  by  this  motion  round 
her  axis,  Die  turns  juft  fo  much  of  her  furface 
conftantly  towards  us,  as  by  her  motion  about  the 
earth  would  be  turned  from  us.  This  motion 
about  her  axis  is  equable  and  uniform,  but 
that  about  the  earth  is  unequal  and  irregular, 
as  being  performed  in  an  ellipfis ;  confequently 
the  fame  precife  part  of  the  moon’s  furface 
can  never  be  fhewn  conftantly  to  the  earth  ; 
which  is  confirmed  by  a  telefcope,  by  which 
we  often  obferve  a  little  fegment  on  the 
eaftern  and  weftern  limb,  appear  and  difappear 
by  turns,  as  if  her  body  librated  to  and  fro ;  this 
phenomenon  is  called  the  moon’s  libration. 
The  lunar  motions  are  fubjed  to  feveral  other 
irregularities,  which  are  fully  difeufted  in  the 
larger  works  on  aftronomy. 


Of 
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Of  Eclipses. 

Thofe  phenomena  that  are  termed  eclipfcs, 
were  in  former  ages  beheld  with  terror  and 
amazement,  and  looked  upon  as  prodigies  that 
portended  calamity  and  mifery  to  mankind. 
Thefe  fears,  and  the  erroneous  opinions  which 
produced  them,  had  their  fource  in  the  hierogly- 
phical  language  of  the  firft  inhabitants  of  the 
earth.  We  do  not,  however,  imagine  that  even 
the  moft  ancient  of  thefe  knew  any  more  of  the 
laws  and  motions  of  the  heavenly  bodies,  than 
what  could  be  difcovered  from  immediate  fight ; 
or  that  they  knew  enough  of  the  lunar  fyftem  to 
calculate  an  eclipfe,  or  even  that  they  ever  at¬ 
tempted  it. 

The  word  eclipse  is  derived  from  the  Greek, 
and  fignifies  dereliction,  a  fainting  away,  or 
fwooning.  Now  as  the  moon  falls  into  the 
lhadow  of  the  earth,  and  is  deprived  of  the  fun’s 
enlivening  rays,  at  the  time  of  hergreateft  bright- 
nefs,  and  even  appears  pale  and  languid  before 
her  obfcuration,  lunar  eclipfes  were  called  lun.« 
labor es,  the  ftruggles  or  labours  of  the  moon5 
to  relieve  her  from  thefe  imagined  diftreffes, 
fuperftition  adopted  methods  as  impotent  as  they 
were  abfurd. 

When  the  moon,  by  paffing  between  us  and 
the  fun,  deprived  the  earth  of  it’s  light  and  heat, 
the  fun  was  thought  to  turn  away  his  face,  as  if  in 

abhor- 
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abhorrence  of  the  crimes  of  mankind,  and  to 
threaten  everlafling  night  and  deftrudtion  to  the 
world.  But  thanks  to  the  advancement  of 
fcience,  which,  while  it  has  delivered  us  from  the 
fool i ill  fears  and  idle  apprehenfions  of  the  an¬ 
cients,  leaves  us  in  pofleflion  of  their  reprefen- 
tative  knowledge,  enables  us  to  explain  the  ap¬ 
pearances  on  which  it  was  founded,  and  points 
out  the  perverfion  and  abufe  of  it. 

Any  opakc  body  that  is  expofed  to  the  light  of 
the  fun,  will  caft  a  fhadow  behind  it.  This 
fhadow  is  a  fpace  deprived  of  light,  into  which 
if  another  body  comes,  it  cannot  be  fecn  for  want 
of  light;  the  body  thus  falling  within  the  fha- 
dow,  is  faid  to  be  eclipsed. 

The  earth  and  moon  being  opake  bodies,  and 
deriving  their  light  from  the  fun,  do  each  of  them 
caft  a  fhadow  behind,  or  towards  the  hemifphere 
oppofed  to  the  fun.  Now  when  cither  the  moon 
or  the  earth  pafles  through  the  other  fhadow,  it 
is  thereby  deprived  of  illumination  from  the  fun, 
and  becomes  invifible  to  a  fpeebator  on  the  body 
from  whence  the  fhadow  comes ;  and  fuch  fpec- 
tator  will  obferve  an  cclipfe  of  the  body  which 
is  pafling  through  the  fhadow ;  while  a  fpc&ator 
on  the  body  which  pafles  through  the  fhadow, 
will  obferve  an  cclipfe  of  the  fun,  being  deprived 
of  his  light. 

Hence  there  muft  be  three  bodies  concerned  in 
an  eclipfe;  i.  the  luminous  body ;  2.  the  opake 

body» 
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body,  that  calls  the  Ihadow ;  and,  3*  the  body 
involved  in  the  Ihadow. 

Of  Eclipses  of  the  Moon. 

As  the  earth  is  an  opake  body,  enlightened  by 
the  fun,  it  will  caft  a  Ihadow  towards  thole  parts 
that  are  oppofke  to  the  fun,  and  the  axis  of  this 
Shadow  will  always  be  in  the  plane  of  the  ecliptic, 
becaufe  both  the  fun  and  the  earth  are  always 
there. 

The  fun  and  the  earth  are  both  fpherical 
bodies;  if  they  were,  therefore,  of  an  equal  fize, 
the  Ihadow  of  the  earth  would  be  cylindrical,  as 
in  fig.  plate  IX.  and  would  continue  ol  the 
fame  breadth  at  all  difiances  from  the  earth,  and 
would  confequently  extend  to  an  infinite  dif- 
tance,  fo  that  Mars,  Jupiter,  or  Saturn,  might 
be  eclipfed  by  it ;  but  as  thefe  planets  are  never 
eclipfed  by  the  earth,  this  is  not  the  lhape  of  the 
Ihadow,  and  confequently  the  earth  is  not  equal 
in  fixe  to  the  fun. 

If  the  fun  w ere  lefs  than  the  earth,  the  fhadow 
would  be  wider,  the  farther  it  was  from  the  earth, 
fee  fig.  6,  plate  IX.  and  would  therefore  reach 
to  the  orbits  of  Jupiter  and  Saturn,  and  eclipfe 
any  of  thefe  planets  when  the  earth  came  between 
the  fun  and  them  ;  but  the  earth  never  cclipfes 
them,  therefore  this  is  nor  the  lhape  of  it’s  Iha¬ 
dow,  and  confequently  the  fun  is  not  lefs  than 
fhe  earth. 


As 
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As  we  have  proved  that  the  earth  is  neither 
larger  nor  equal  to  the  fun,  we  may  fairly  con¬ 
clude  that  it  is  lefs ;  and  that  the  fhadow  of  the 
earth  is  a  cone,  which  ends  in  a  point  at  fome 
diftance  from  the  earth,  fee  fig.  7,  plate  IX. 

The  axis  of  the  earth’s  fhadow  falls  always  upon 
that  point  of  the  ecliptic  that  is  oppofite  to  the 
fun’s  geocentric  place ;  thus  if  the  fun  be  in  the 
firfl  point  of  Aries,  the  axis  of  the  earth’s  fhadow 
will  terminate  in  the  firft  point  of  Libra.  It  is 
clear,  therefore,  that  there  can  be  no  eclipfe  of 
the  moon  but  when  the  earth  is  interpofed  be¬ 
tween  it  and  the  fun,  that  is,  at  the  time  of  it's 
oppofition,  or  when  it  be  full ;  for  unlefs  it  is 
oppofite  to  the  fun,  it  can  never  be  in  the  earth's 
fhadow :  and  if  the  moon  did  always  move  in 
the  plane  of  the  ecliptic,  {he  would  every  full 
moon  pafs  through  the  body  of  the  fhadow,  and 
there  would  be  a  total  eclipfe  of  the  moon. 

We  have  already  obferved,  that  the  moon’s 
orbit  is  inclined  to  the  plane  of  the  ecliptic,  and 
only  coincides  with  it  in  two  places,  which  are 
termed  the  nodes.  It  may,  therefore,  be  full 
moon  *  without  her  being  in  the  plane  of  the 

ecliptic ; 

*  A  planet  may  be  in  oppofition  to,  or  conjunftion  with 
th£  fun,  without  being  in  a  right  line  that  paries  through  the 
fun  and  the  earth.  Aftronomers  term  it  in  conjunftion 
with  the  fun,  if  it  be  in  the  fame  part  of  the  zodiac  ;  in  op- 
pofition,  if  it  be  in  a  part  of  the  zodiac,  180°  from  the 
fun. 
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ecliptic ;  file  may  be  either  on  the  north  or  the 
fouth  fide  of  it ;  in  either  of  thcfe  cafes,  fhe  will 
not  enter  into  the  lhadow,  but  be  above  it  in  the 
one,  below  it  in  the  other. 

To  illuftrate  this,  let  H  G,  fig.  i>  p'atc  XI. 
reprefent  the  orbit  of  the  moon,  E  F  the  plane 
of  the  ecliptic,  in  which  the  center  of  the  earths 
lhadow  always  moves,  and  N  the  node  of  the 
moon’s  orbit;  A  BCD  four  places  of  the  lhadow 
of  the  earth  in  the  ecliptic.  When  the  lhadow 
is  at  A,  and  the  moon  at  I,  there  will  be  no 
eclipfe  ;  when  the  full  moon  is  nearer  the  node, 
as  at  K,  only  part  of  her  globe  pafies  through 
the  lhadow,  and  that  part  becoming  dark,  it 
is  called  a  partial  eclipse;  and  it  is  faid  to  be 
of  fo  many  digits  as  there  are  twelfth  parts 
of  the  moon’s  diameter  darkened.  When  the 
full  moon  is  at  M,  Ihe  enters  into  the  lhadow  C, 
and  pafiing  through  it  becomes  wholly  darkened 
at  L,  and  leaves  the  lhadow  at  O  ;  as  the  whole 
body  of  the  moon  is  here  immerfed  in  the  lhade, 
this  is  called  a  total  eclipse.  But  when  the 
moon  s  center  paffes  through  that  of  the  lhadow, 
which  can  only  happen  when  (lie  is  in  the  node 
at  N,  it  is  called  a  total  and  central  eclipse. 
There  will  always  be  fuch  eclipfes,  when  the 
center  of  the  moon,  and  axis  of  the  lhadow,  meet 
in  the  nodes. 


The 
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The  duration  of  a  central  eclipfe  is  fo  long,  as 
to  let  the  moon  go  the  length  of  three  of  it’s  di¬ 
ameters  totally  eclipfed,  which  day  in  the  earth’s 
fhadow  is  computed  to  be  about  four  hours; 
whereof  the  moon  takes  one  hour  from  it’s  begin¬ 
ning  to  enter  the  fbadow,  till  quite  immerfed 
therein ;  two  hours  mere  line  continues  totally 
dark  ;  and  the  fourth  hour  is  taken  up  from  her 
firft  beginning  to  come  out  of  the  fhadow,  till 
fhe  is  quite  out  of  it. 

In  the  beginning  of  an  eclipfe,  the  moon  enters 
the  weftern  part  of  the  fhadow  with  the  eaftern 
part  of  her  limb,  and,  in  the  end  of  it  fhe  leaves 
the  eadern  part  of  the  fhadow  with  the  wedern 
part  of  her  limb;  all  the  intermediate  time,  from 
her  entrance  to  her  quitting  the  dtadow,  is 
reckoned  into  the  eclipfe  ;  but  only  fo  much  into 
the  total  immerfion,  as  paffes  while  the  moon  is 
altogether  obdured. 

From  the  magnitude  of  the  fun,  the  dze  of  the 
earth,  their  di fiance  from  each  other,  the  refrac¬ 
tion  of  the  atmofphere,  and  the  didance  of  the 
moon  from  the  earth  ;  it  has  been  calculated  that 
the  fhadow  of  the  earth  terminates  in  a  point, 
which  docs  not  reacli  fo  far  as  the  moon’s  orbit. 
The  moon  is  nor,  therefore,  eclipfed  by  the 
fliadow  of  the  earth  alone.  The  atmofphere,  by 
refracting  fome  of  the  rays  of  the  fun,  and  re¬ 
flecting  others,  calls  a  fliadow,  though  not  fo 
dark  a  one  as  that  which  arifes  from  an  opake 

body  5 


ASTRONOMICAL  ESSAYS.  *59 

body ;  when,  therefore,  we  fay  that  the  moon  is 
eclipfed,  by  palling  into  the  fhadow  of  the  earth, 
it  is  to  be  underftood  of  the  fhadow  of  the  earth, 
together  with  it's  atmofphcre.  Hence  it  is  that 
the  moon  is  vifible  in  eclipfes,  the  fhadow  caft 
by  the  atmofphere  not  being  fo  dark  as  that  caft 
by  the  earth.  The  cone  of  this  fhadow  is  larger 
than  the  cone  of  the  earth’s  fhadow,  the  bafe 
thereof  broader,  the  axis  longer.  There  have 
been  eclipfes  of  the  moon  in  which  the  moon 
has  entirely  difappeared  :  Hevelius  mentions  one 
of  this  kind,  which  happened  in  Auguft  1647, 
when  he  was  not  able  to  diftinguifh  the  place 
of  the  moon,  even  with  a  good  telefcope, 
although  the  fky  was  fufficiently  clear  for  him 
to  fee  the  flars  of  the  fifth  magnitude. 

All  opake  bodies,  when  illuminated  by  the 
rays  of  the  fun,  caft  a  fhadow  from  them,  which 
is  encompaffed  by  a  penumbra,  or  thinner 
iliadow,  which  every  where  furrounds  the  for¬ 
mer,  growing  larger  and  larger  as  we  recede 
from  the  body  :  in  other  words,  the  penumbra  is 
all  that  fpace  furrounding  the  fhadow',  into  which 
the  rays  of  light  can  only  come  from  fome  part 
of  that  half  of  the  globe  of  the  fun,  which  is 
turned  towards  the  planet,  all  the  reft  being 
intercepted  by  the  intervening  body. 

Let  S,  fig.  2,  plate  XI.  be  the  fun,  E  thc^ 
planet,  then  the  penumbral  cone  is  F  G  H. 
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The  nearer  any  part  of  the  penumbra  is  to  the 
(hadow,  the  lefs  light  it  receives  from  the  fun  j 
but  the  further  it  is,  the  more  it  is  enlightened  ; 
thus  the  parts  of  the  penumbra  near  M  are  illu¬ 
minated  by  thole  rays  of  light,  which  come  from 
that  part  of  the  fun  near  to  1,  all  the  reft  being 
intercepted  by  the  planet  E;  in  like  manner, 
the  parts  about  N  can  only  receive  the  light  that 
comes  from  the  part  of  the  fun  near  to  L,  where¬ 
as  the  parts  of  the  penumbra  at  P  and  Q  are  en¬ 
lightened  in  a  much  greater,  degree :  for  the 
planet  intercepts  from  P  only  thofe  rays  which 
come  from  the  fun  near  L,  and  hides  from 
only  a  fmall  part  of  the  fun  near  l. 

The  moon  pafles  through  the  penumbra  before 
{he  enters  into  the  (hadow  of  the  atmofphcre ; 
this  caufes  her  gradually  to  lofe  her  light,  which 
is  not  fenlihle  at  firft,  but  as  (he  goes  into  the 
darker  part  of  the  penumbra,  fhe  grows  paler; 
the  penumbra,  where  it  is  contiguous  to  the 
fhadow,  is  fo  dark,  that  it  is  difficult  to  diftin- 
guifti  one  from  the  other.  If  the  atmofphcre 
be  ferene,  every  eclipfe  of  the  moon  is  viftble 
at  the  fame  inftant  to  all  the  inhabitants  of  that 
fide  of  the  earth  to  which  fhe  is  oppofite. 

The  moon,  in  a  total  eclipfe,  generally  appears 
of  a  dufky  reddifh  colour,  efpecially  towards  the 
edges ;  but  of  a  darker  towards  the  middle  of  the 
(hadow. 

Or 
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Of  Eclipses  of  the  Sun. 

*fhe  moon,  when  in  conjunction,  if  near  one 
bf  her  nodes,  will  be  interpofed  between  us  and 
the  fun,  and  will  confequently  hide  the  fun,  or  a 
part  of  him,  from  us,  and  call  a  fhadow  upon 
the  earth :  this  is  called  an  eclipse  of  the  sun  j 
it  may  be  either  partial  or  total. 

An  eclipfe  of  any  lucid  body,  is  a  deficiency 
or  diminution  of  light,  which  would  otherwife 
come  from  it  to  our  eye,  and  is  caufed  by  the  in- 
terpofition  of  fome  opake  body. 

The  cclipfes  of  the  fun  and  moon,  though  ex- 
prefled  by  the  fame  word,  are  in  nature  very 
different;  the  fun,  in  reality,  lofes  nothing  of 
it  s  native  ludre  in  the  grcatefl  eclipfes,but  is  all 
the  While  incefTantly  fending  forth  flreams  of 
light  every  way  round  him,  as  copioufly  as  be* 
fore.  Some  of  thefe  dreams  are,  however,  in¬ 
tercepted  in  their  way  towards  our  earth,  by  the 
tnoon  coming  between  the  earth  and  the  fun  : 
and  the  moon  having  no  light  of  her  own,  and 
receiving  none  from  the  fun  on  that  half  of  the 
globe  which  is  towards  our  eye,  mud  appear 
dark,  and  make  fo  mtich  of  the  fun’s  difk 
appear  fo,  as  is  hid  from  us  by  her  intcr- 
pofition. 

What  is  called  ati  eclipfe  of  the  fun,  is  there¬ 
fore,  in  reality,  an  eclipfe  of  the  earth,  w  hich  is 
h  deprived 
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deprived  of  the  fun’s  light,  by  the  moon’s  coming' 
between,  and  calling  a  ihadow  upon  it.  The 
earth  being  a  globe,  only  that  half  of  it  which  at 
any  time  is  turned  towards  the  fun,,  can  be  en¬ 
lightened  by  him  at  that  time ;  it  is  upon  fome 
part  of  this  enlightened  half  of  the  earth,  that 
the  moon’s  Ihadow,  or  penumbra,  falls  in  a  folar 
eclipfc. 

The  fun  is  always  in  the  plane  of  the  ecliptic  ; 
but  the  moon  being  inclined  to  this  plane,  and 
only  coinciding  with  it  at  the  nodes,  it  will  not 
cover  cither  the  whole  or  a  part  of  the  fun  ;  or  in 
other  words,  the  fun  will  not  be  eclipfcd,  unlefs 
the  moon  at  that  time  is  in  or  near  one  of  her 
nodes. 

The  moon,,  however,  cannot  be  dire&ly  be¬ 
tween  the  fun  and  us,  unlefs  they  arc  both  in  the 
fame  part  of  the  heavens ;  that  is,  unlefs  they  are 
in  conjunction.  1  herefore,  the  fun  can  never 
be  eclipfed  but  at  the  new  moon,  nor  even  then, 
unlefs  the  moon  at  that  time  is  in  or  near  one  of 
her  nodes. 

From  hence  it  is  cafy  to  Ihew,  that  the  dark- 
nefs  of  our  Saviour's  crucifixion  w  as  not  owing  to 
an  cclipfc  of  the  fun.  For  the  crucifixion  hap¬ 
pened  at  the  time  of  the  Jewilh  palfover,and  the 
palfover,  by  the  appointment  of  the  law,  was  to 
be  celebrated  at  the  full  moon ;  the  fun  could  not, 
therefore,  be  eclipfed  at  the  time  of  the  palfover. 
An  intelligent  tutor  will  find  many  opportunities 
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of  obfei'ving  to  his  pupil,  that  nature,  and  philofo- 
phy,  which  explains  the  phenomena  of  nature, 
do  always  agree  with  divine  revelation. 

The  moon  being  much  (mailer  than  the  earth, 
and  having  a  conical  (hadow,  becaufe  (he  is  lefs 
than  the  fun,  can  only  cover  a  fmall  part  of  the 
earth  by  her  fliadow  j  though,  as.  we  have  ob- 
ferved  before,  the  whole  body  of  the  moon  may 
be  involved  in  that  of  the  earth.  Hence  an 
eclipfe  of  the  fun  is  vifible  but  to  a  few  inhabi¬ 
tants  of  the  earth ;  whereas,  an  eclipfe  of  the 
tnoon  may  be  feen  by  all  thofe  that  are  on  that 
hemifphere  which  is  turned  towards  it.  In  other 
words,  as  the  moon  can  never  totally  eclipfe  the 
earth,  there  will  be  many  parts  of  the  globe  that 
tvill  fuffer  no  eclipfe,  though  the  fun  be  above 
their  horizon. 

An  eclipfe  of  the  fhn  always  begins  on  the 
weftern,  and  ends  on  the  eaftern  fide ;  becaufe 
the  moon  moving  in  her  orbit  from  weft  to  eaft, 
neceflarily  firft  arrives  at  and  touches  the  fun’s 
weftern  limb,  and  goes  oft'  at  the  eaftern* 

It  is  not  neceflary,  in  order  to  conftitute  a 
central  eclipfe  of  the  fun,  that  the  moon  fhould 
be  exa&ly  in  the  line  of  the  nodes,  at  the  time  of 
s  conjunction ;  for  it  is  fufticient  to  denominate 
an  eclipfe  of  the  fun  central,  that  the  center  of 
the  moon  be  diredtly  between  the  center  of  the 
bin,  and  the  eye  of  the  fpedtator ;  for  to  him, 
the  fun  is  then  centrally  eclipfed.  But  as  the 
I*  2  fhadow 
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fhadow  of  the  moon  can  cover  but  a  fmall  por¬ 
tion  of  the  earth,  it  is  obvious  this  may  happen 
when  the  moon  is  not  in  one  of  her  nodes.  Fur¬ 
ther,  the- fun  may  be  eclipfed  centrally,  totally, 
partially,  and  not  at  all  at  the  fame  time. 

A  total  eclipfe  of  the  fun  is  a  very  curious 
fpecftacle :  Clavius  fays  that,  in  that  which  he 
obferved  in  Portugal,  in  1650,  the  obfcurity  was- 
create r,  or  more  fenfible  than  that  of  the  night : 
the  largeft  ftars  made  their  appearance  for  about 
a  minute  or  two-,  and  the  birds  were  fo  terrified, 
that  they  fell  to  the  ground. 

Thus  in  fig.  3,  plate  XI.  let  ABC  be  the  fun, 
M  N  the  moon,  h  1  g  part  of  the  cone  of  the 
moon’s  (hadow,  f  d  the  penumbra  of  the  moon : 
from  this  figure  it  is  eafy  to  perceive, 

1.  That  thofe  parts  of  the  earth  that  are  with- 
in  the  circle  reprefented  by  g  h,  are  covered  by 
the  {hadow  of  the  moon,  fo  that  no  rays  can 
come  from  any  part  of  the  fun  into  that  circle,  on 
•account  of  the  interpofition  of  the  moon. 

2,  In  thofe  parts  of  the  earth  where  the 
‘penumbra  fills,  only  part  of  the  fun  is  vifiblc; 
thus  between  d-  and  g,  the  parts  of  the  fun  near 
C  cannot  be  feenr  the  rays  coming  from  thence 
towards  d  or  g  being  intercepted  by  the  moon 
whereas  at  the  fame  time,  the  parts  between  f  and 
h  are  illuminated  by  rays  coming  from  C,but  are 
deprived  by  the  moon  of  fuch  as  come  from  A. 

7  The  nearer  anv  part  of  the  earth,  within 
,  the 
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the  penumbra,  is  to  the  fhadow  of  the  moon,  as 
in  places  near  g,  1,  or  h,  the  lefs  portion  of  the 
fun  is  vifible  to  it’s  inhabitants ;  the  nearer  it  is 
to  the  outfide  of  the  penumbra,  as  towards  d,  e, 
or  ft  the  greater  portion  of  the  fun  may  be  fccn. 

4.  Out  of  the  penumbra,  the  entire  diflk  of  the 
fun  is  vifible. 

Of  the  Limits  of  Solar  and  Lunar  Eclipses. 

The  diftance  of  the  moon  in  degrees  and  mi¬ 
nutes,  above  or  below  the  ecliptic  line,  is  called 
her  latitude.  If  fhe  be  above  the  ecliptic,  fhe 
is  faid  to  have  north ;  if  below  it,  fouth  latitude. 

If  the  latitude  at  any  time  exceed  the  fum  of 
the  femi-diameter  of  the  moon,  equal  to  16$  mi¬ 
nutes,  and  the  earth’s  fhadow  equal  to  45!  mi¬ 
nutes,  the  moon  at  that  time  cannot  be  cclipfcd  ; 
but  will  cither  pafs  under  or  over  the  fhadow, 
according  as  fhe  happens  to  be  above  or  below 
the  ecliptic  line. 

The  diftance  from  the  node,  either  before  or 
after  it,  correfponding  to  the  above  extent,  is  about 
1 2  degrees,  which  is  confequently  the  limit  of  lu¬ 
nar  eclipfes,  For  when  a  full  moon  happens 
within  12  degrees  of  the  nodes,  fhe  will  be 
eclipfed  ;  and  the  nearer  to  the  nodes,  the  greater 
will  the  cclipfe  be. 

If  at  the  new  moon,  the  latitude  of  the  moon 
exceeds  the  fum  of  the  femi-diameters  of  the  fun 
min.  and  of  the  moon  i6i  min.  we  fhouid 

>3  fee 
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fee  no  eclipfe  of  the  fun  from  the  center  of  thc 
earth.  But  as  we  view  the  luminaries  from  the 
furface,  which  is  much  higher,  we  arc  obliged  to 
take  in  the  femi-diameter  of  the  earth  as  feen 
from  the  moon.  Then,  if  the  latitude  of  the  moon 
be  greater  than  the  fum  of  thefe  3  numbers, 
24 1  minutes,  the  fun  will  not  be  eclipfcd  ;  for 
the  moon  will  pafs  either  over  or  under  his  dillc, 
according  as  Ihe  is  above  or  below  the  ecliptic 
line.  The  diftance  from  the  node  on  either  fide 
agreeing  to  the  above-mentioned  extent,  is  the 
18  degrees,  which  is  the  utmoft  limit  of  folar 
eclipfes.  Whence  it  follows,  that  if  the  fun  and 
moon,  at  the  time  of  new  moon,  happen  tq 
be  within  18  deg.  of  the  node,  the  fun  will  be 
cclipfed. 

Of  the  Period  of  Eclipses. 

If  the  places  of  the  moon’s  nodes  w  ere  fixed, 
eclipfes  would  always  happen  nearly  at  the  fame 
time  of  the  year:  but  as  they  have  a  motion  of 
about  3  min.  11  fee.  every  day  backwards,  or 
contrary  to  the  order  of  the  figns,  the  fuccceding 
eclipfe  mull  recede  likewife ;  and  in  one  revo¬ 
lution  of  the  nodes,  which  is  completed  in 
18  years,  224  days,  3  hours,  they  will  revolve 
in  a  retrograde  manner  through  the  year,  and 
return  to  the  fame  places  again. 

But  there  is  a  more  correft  period,  called  the 
Chaldean  Saros,  which  is  18  years,  ir  days, 
3  7  hours^ 
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*7  hours,  43  min.  For  in  that  time  the  fun  and 
moon  advance  juft  as  far  beyond  a  complete 
dired  revolution  in  die  ediptic,  as  the  nodes 
want  of  completing  therr  retrograde  one:  con- 
fequently,  as  the  fun  and  moon  meet  the  nodes 
at  the  end  of  that  period,  the  fame  folar  and  lu¬ 
nar  afpeds  which  happened  1 8  years,  1 1  days, 

7  hours,  43  min.  ago,  will  return,  and  produce 
-eclipfes  of  both  luminaries,  for  many  ages,  the 
•fame  as  before. 

Of  ancient  aftronomical  obfervations  much 
has  been  faid,  with  very  little  foundation,  by 
many  modern  writers^,  the  oldeft  eclipfes  of  the 
moon  that  Hipparchus  could  make  any  ufe  of, 
went  no  higher  than  the  year  before  Chrift  721. 
Whatever  obfervations  therefore  the  Chaldeans 
had  before  this,  were  probably  very  rude  and 
imperfed.,* 

Of  Parallax  and  Refraction. 

Aftronomy  is  fubjed  to  many  difficulties,  be- 
fidcs  thofe  which  are  obvious  to  every  eye.  When 
we  look  at  any  ftar  in  the  heavens,  we  do  not  fee 
it  in  it’s  real  place  ;  the  rays  coming  from  it, 
when  they  pafs  out  of  the  purer  etherial  me¬ 
dium,  into  our  coarfer  and  more  denfe  atmo- 
fphere,  are  refracted,  or  bent  in  fuch  a  man¬ 
ner,  as  to  fliew  the  ftar  higher  than  it  really  is, 
L  4  Hence 
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Hence  we  fee  all  the  ftars  before  they  rife,  and 
after  they  fet ;  and  never,  perhaps,  fee  any  one 
in  it’s  true  place  in  the  heavens.  There  is  an¬ 
other  difference  in  the  apparent  fituation  of  the 
heavenly  bodies,  which  arifes  from  the  ftations 
in  which  an  obferver  views  them.  This  differ¬ 
ence  in  fituation  is  called  the  parallax  of  an 
objed. 

Of  Parallax. 

The  parallax  of  any  objed  is  the  difference 
between  the  places  that  the  objed  is  referred  to 
in  the  celeltial  fpherc,  when  feen  at  the  fame 
time  from  two  different  places  within  that 
fpherc.  Or,  it  is  the  angle  under  which  any 
two  places  in  the  inferior  orbits  are  feen  from  a 
fuperior  planet,  or  even  the  fixed  ftars. 

The  parallaxes  principally  ufed  by  aftrono- 
mers,  are  thofe  which  arife  from  conftdering  the 
objed  as  viewed  from  the  centers  of  the  earth  and 
the  fun,  from  the  furface  and  center  of  the  earthy 
and  from  all  three  compounded. 

The  difference  between  the  place  of  a  planet^ 
as  feen  ffom  the  fun,  and  the  fame  as  feen  frorr^ 
the  earth,  is  called  the  parallax  of  the  annual  or¬ 
bit;  in  other  words,  the  angle  at  any  planer, 
fubtended  between  the  fun  and  the  earth,  is  called 
the  parallax  of  the  earth’s  or  annual  orbit. 

The  diurnal  parallax  is  the  change  of  the  ap¬ 
parent  place  of  a  fixed  ftar,  or  planet,  of  any 

celeftial 
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jceieftial  body,  arifing  from  it’s  being  viewed  01* 
the  furface,  or  from  the  center  of  the  earth. 

The  annual  parallax  of  all  the  planets,  is  very 
confiderable,  but  that  pf  the  fixed  ftars  is  im¬ 
perceptible. 

The  fixed  ftars  have  no  diujrnal  parallax,  the 
moon  a  confiderable  one  ;  that  of  the  planets  i$ 
greater  or  lefs,  according  to  their  diftances. 

To  explain  the  parallaxes  with  refpedf  to  the 
earth  only,  let  H  S  W,  fig.  2,  plate  VIII. 
reprefent  the  earth,  T  the  center  thereof,  o  R  G 
part  of  the  moon's  orbit,  P  r  g  part  of  a  planet's 
orbit,  Z  a  A  part  of  the  ftarry  heavens.  Now 
to  a  fpe&ator  at  S,  upon  the  furface  of  the  earth, 
let  the  moon  appear  in  G,  that  is,  in  the  fenfible 
horizon  of  S,  and  it  will  be  referred  to  A  ;  but 
if  viewed  from  the  center  T,  it  will  be  referred 
jto  the  point  D,  which  is  it’s  true  place. 

The  arc  A  P  will  be  the  moon’s  parallax ;  the 
angle  S  G  T  the  paralladlic  angle;  or  the  paral¬ 
lax  is  exprelfed  by  the  angle  under  which  the 
femidiameter  T  S  of  the  earth  is  feen  from  the 
moon. 

If  the  parallax  be  confidered  with  refpeft  to 
different  planets,  it  will  be  greater  or  lefs,  as  thofe 
objetts  are  more  or  lefs  diftant  from  the  earth  ; 
thus  the  parallax  A  I)  of  G  is  greater  than  the 
parallax  a  d  of  g. 

If  it  be  confidered  with  refpedt  to  the  fame 
planet,  it  is  evident  that  the  horizontal  parallax 

(or 
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^or  the  parallax  when  the  objedl  is  in  the  horizon) 
is  greateft  of  all,  and  dimimihes  gradually,  as  the 
body  rifes  above  the  horizon,  until  it  comes  to  the 
zenith,  where  the  parallax  vamlhes,  or  becomes 
equal  to  nothing.  Thus  A  D  and  a  d,  the  hori-. 
zontai  parallaxes  of  G  and  g,  are  greater  than 
a  B  and  a  b,  the  parallaxes  of  R  and  r ;  but  the 
objects  O  and  P,  feen  from  S  or  T,  appear  in  the 

fame  place  Z,  or  the  zenith. 

By  knowing  the  parallax  of  any  celefiial  objeeft, 
it’s  difiance  from  the  center  of  the  earth  may  be 
eafily  obtained  by  trigonometry.  Thus  if  the 
dirtance  of  G  from  T  be  fought,  in  the  triangle 
S  T  G,  S  T  being  known,  and  the  angle  S  G  T 
determined  by  obfervation,  the  fide  T  G  i$ 
thence  known. 

The  parallax  of  the  moon  may  be  determined 
by  two  perfons  obferving  her  from  different  Ra¬ 
tions  at  the  fame  time,  fhe  being  vertical  to  the 
one,  and  horizontal  to  the  other.  It  is  generally 
concluded  to  be  about  57  '  of  a  °. 

But  the  parallax  molt  wanted,  is  that  of  the 
fun,  whereby  his  abfolute  difiance  from  the  earth 
would  be  known;  and  hence  the  abfolute  diftan- 
ces  of  all  the  other  planets  would  be  alfo  known, 
from  the  fecond  Keplerian  law.  But  the  parallax 
of  the  fun,  or  the  angle  under  which  the  femi- 
diameter  of  the  earth  would  appear  at  that  dis¬ 
tance,  is  fo  exceeding  fmall,  that  a  miftake  of  a 

fecond 
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ftcond  will  caufe  an  error  of  feveral  millions  of 
miles. 

Of  Refraction. 

As  one  of  the  principal  objedts  of  aftronomy 
is  to  fix  the  fituation  of  the  feveral  heavenly 
bodies,  it  is  neceflary,  as  a  firft  ftep,  to  under- 
Rand  the  caufes  which  occafion  a  falfe  appear¬ 
ance  of  the  place  of  thofe  objedts,  and  make  us 
fuppofe  them  in  a  different  fituation  from  that 
which  they  really  have.  Among  thefe  caufes, 
refraction  is  to  be  reckoned.  By  this  term  is 
meant,  the  bending  of  the  rays  of  light  as  they 
pafs  out  of  one  medium  into  another. 

The  earth  is  every  where  furrounded  by  an 
heterogeneous  fluid,  a  mixture  of  air,  vapour, 
and  terreflrial  exhalations,  that  extend  to  the 
regions  of  the  fky.  The  rays  of  light  from  the 
fun,  moon,  and  liars,  in  pafling  to  a  fpeclator 
upon  earth,  come  through  this  medium,  and  are 
fo  refracted  in  their  palfage  through  it,  that  their 
apparent  altitude  is  greater  than  their  true 
altitude. 

Let  A  C,  fig.  3,  plate  VIII.  reprefent  the  fur- 
face  of  the  earth,  T  it’s  center,  B  P  a  part  of  the 
atmofphere,  HEK  the  fphere  of  the  fixed  flars, 
A  F  the  fenfible  horizon,  G  a  planet,  G  D  a  ray 
of  light  proceeding  from  the  planet  to  D,  where 
it  enters  our  atmofphere,  and  is  refradted  towards 
the  line  D  T,  which  is  perpendicular  to  the  fur- 

face 
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face  of  the  atmofphere ;  and  as  the  upper  air  is 
rarer  than  that  near  the  earth,  the  ray  is  continu¬ 
ally  entering  a  denfer  medium,  and  is  every  mo¬ 
ment  bent  towards  T,  which  caufes  it  to  deferibe 
a  curve  as  D  A,  and  to  enter  a  fpectator’s  eye  at 
A,  as  if  it  came  from  E,  a  point  above  G.  And 
as  an  objedt  always  appears  in  that  line  in  which 
jt  enters  the  eye,  the  planet  will  appear  at  E, 
higher  than  it’s  true  place,  and  frequently  above 
the  horizon  A  F,  when  it’s  true  place  is  below  it 
at  G. 

This  refraction  is  greateft  at  the  horizon,  and 
decreafes  very  fall:  as  the  altitude  jncreafes,  info.- 
much  that  the  refradtion  at  the  horizon  differs 
from  the  refraction  at  a  very  few  degrees  above 
the  horizon,  by  about  one-third  part  of  the 
whole  quantity.  At  the  horizon,  in  this  cli¬ 
mate,  it  is  found  to  be  about  33  In  climates 
nearer  to  the  equator,  where  the  air  is  purer, 
the  refra&ion  is  lefs ;  and  in  the  colder  cli¬ 
mates,  nearer  to  the  pole,  it  increafes  exceed-  * 
ingly,  and  is  a  happy  provifion  for  lengthening 
the  appearance  of  the  light  at  thofe  regions  fo  re¬ 
mote  from  the  fun.  Gaffendus  relates,  that 
foipe  Hollanders  who  wintered  in  Nova  Zembla, 
in  latitude  750,  were  furprized  with  a  fight  of 
the  fjun  ll  days  before  they  expected  him  in  the 
horizon.  This  difference  was  owing  to  the  re¬ 
fraction  of  the  atmofphere  in  that  latitude.  To 
the  fame  caufe,  together  with  the  peculiar 

obliquity 
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obliquity  of  the  moon’s  orbit  to  the  ecliptic,  feme 
of  thefe  very  northern  regions  are  indebted  for 
an  uninterrupted  light  from  the  moon  much 
more  than  half  the  month,  and  fometimes  almoft 
as  long  as  it  is  capable  of  affording  any  light  to 
other  parts  of  the  earth. 

Through  this  refraction  we  are  favoured  with- 
the  fight  of  the  fun,  about  3  minutes  and  f  before 
it  rifes  above  the  horizon ;  and  alfo  as  much 
every  evening  after  it  fets  below  it,  which  in  one 
year  amounts  to  more  than  40  hours. 

It  is  to  this  property  of  rcfraCtion  that  we  are 
alfo  indebted  for  that  enjoyment  of  light  from 
the  fun  when  he  is  below  the  horizon,  which  pro¬ 
duces  the  morning  and  evening  twilight.  The 
fun’s  rays,  in  falling  upon  the  higher  part  of  the 
atmofphere,  are  reflected  back  to  our  eyes,  and 
form  a  faint  light,  which  gradually  augments  till 
it  becomes  day.  It  is  owing  to  this,  that  the 
Tun  illuminates  the  whole  hemifphere  at  once  ; 
deprived  of  the  atmofphere,  he  would  have  yiel¬ 
ded  no  light,  but  when  our  eyes  were  directed 
towards  him ;  and  even  when  he  was  in  meridian 
fplendor,  the  heavens  would  have  appeared  dark, 
and  as  full  of  flars  as  on  a  fine  winter’s  night. 
The  rays  of  light  would  have  come  to  us  in 
ft r ait  lines,  and  the  appearance  and  difappearance 
of  the  fun  would  have  been  inftantaneous ;  we 
fhould  have  had  a  fuddert  tranfition  from  the 
brighteft  fun-ffiine,  to  the  moft  profound  dark- 
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nefs,  and  from  thick  darknefs  to  a  blaze  of  light. 
Thus  by  refra&ion  we  are  prepared  gradually 
for  the  light  of  the  fun,  the  duration  of  it’s 
light  is  prolonged,  and  the  lhades  of  darknefs 
foftened. 

To  it  we  murt  attribute  another  Curious 
phenomenon,  mentioned  by  Pliny :  for  he 
relates,  that  the  moon  had  been  eclipfed  once 
in  the  weft,  at  the  fame  time  that  the  fun  ap¬ 
peared  above  the  horizon  in  the  eaft.  Maellli- 
nus,  in  Kepler,  lpcaks  of  another  inftance  of 
the  fame  kind,  which  fell  under  his  own  obler-t 
vatiom 

Of  the  Satellites  of  Jupiter  and  Saturn^ 

Theexiftence  of  the  fatellires  of  any  of  the 
planets,  except  the  moon,  would  have  been  un¬ 
known  to  us  without  the  ufe  of  the  telefcope. 
The  faiellites  are  diftinguiftied  according  to  their 
places,  into  firft,  fecond,  &c.  the  firft  being 
that  which  is  neareft  to  the  planet.  From  all 
the  obfervations  that  have  been  made  on  the 
fecondary  planets,  it  appears,  i .  That  the  fatel- 
lites  revolve  round  their  primaries  in  elliptic 
orbits,  the  primary  planet  being  in  the  focus. 
2.  That  the  planes  of  the  orbits  of  the  fatellites 
are  inclined  to  the  planes  of  the  orbits  of  their 
refpedtive  planets.  3.  That,  like  the  primary 
planets,  the  fquares  of  the  times  of  their  revolu¬ 
tions. 
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tions,  are  as  the  cubes  of  the  mean  diftances  from 
their  primary  planet. 

The  following  table  fhews  the  time  taken 
by  each  fatellite  in  it’s  revolution  ;  and  alfo 
it’s  mean  diftance  from  the  primary  planet  in 
femi-diameters  thereof. 


Jupiter's  Satellites. 


i. 

11. 

HI. 

IV. 

d.  h.  m. 

d.  h.  m. 

d.  h.  m. 

d.  h .  m. 

1  18  28  | 

3  18 

7  3  59 

!  16  18  5 

Distance  from  Jupiter  in  Semi -diameters. 


11. 

111. 

Xy.  | 

9 

*4t 

_ £5i _ I 

Saturn’s  Satellites. 


1. 

II. 

hi. 

1  1V‘ 

V. 

d.  h.  in. 

d.  h.  m. 

d.  h.  m.  I 

d.  h.  in. 

d.  h.  m. 

1  21  18 

2  17  41 

3  12  25  1 

15  22  41 

79  7  48 

Distance  krom  Saturn  in  Semi-diameters. 


*■  1 

11. 

in. 

IV. 

1  V* 

it* 

15 

36 

108 
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The  fyftem  of  Jupiter  and  his  fatellites  is  very 
large  in  itfelf ;  yet  on  account  of  it’s  immenfe 
diftance  from  us,  it  appears  to  occupy  but  a  fmal! 
fpace  in  the  fphere  of  the  (tarry  heavens,  and 
confequently  every  fateliite  of  Jupiter  appears  to 
us  always  near  it’s  primary,  and  to  have  an  ofcil- 
latory  motion,  like  that  of  a  pendulum  going 
alternately  from  it’s  greateft  digreflion  on  one 
fide  the  planet,  to  it’s  greateft  on  the  other, 
fometimes  in  a  (trait  line,  at  others  in  an  elliptic 
curve. 

When  a  fateliite  is  in  it’s  fuperior  ferrticircle, 
or  that  half  of  it’s  orbit  that  is  more  diftant  from 
the  earth  than  Jupiter,  it’s  ,  motion  appears 
direeft  to  us ;  when  a  fateliite  is  in  it’s  inferior 
femicircle,  nearer  to  us  than  Jupiter  is,  the  ap¬ 
parent  motion  of  it  is  retrograde.  Both  thefe 
motions  feem  quickeft,  when  the  fateliite  is 
neared  the  center  of  the  primary,  and  flower 
when  they  are  more  diftant ;  at  the  greateft  dif¬ 
tance  they  appear  ftationary  for  a  (hort  time. 

The  fatellites  of  Saturn  revolve  about  it  in 
almoft  the  fame  plane,  namely,  that  of  it’a  ring, 
excepting  the  fifth,  the  plane  of  whofe  orbit  de¬ 
viates  a  little  therefrom.  Thofe  of  Jupiter  move 
alfo  in  a  plane  very  nearly  coincident  with  that  in 
which  Jupiter  moves  about  the  fun. 

The  fatellites,  and  their  primaries,  mutually 
eclipfe  each  other  in  the  fame  manner  in  which  it 
has  been  (hewn  that  the  earth  and  the  moon  do. 

But 
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But  there  are  three  cafes  in  which  the  fatcllites 
difappear  to  us. 

The  one  is,  when  the  fatellite  is  dire&ly  be¬ 
hind  the  body  of  it’s  primary,  with  rcfpcCl:  to  the 
earth;  this  is  called  an  occultation  of  the 
planet. 

Another  is,  wh?n  it  is  directly  behind  it’s 
primary,  with  rcfpedt:  to  the  sun,  and  fo  falls  in¬ 
to  it’s  lhadow,  and  fuffers  an  eclipfe,  as  the 
moon,  when  the  earth  is  interpofed  between  that 
and  the  fun. 

The  lalt  is,  when  it  is  interpofed  between  the 
earth  and  it’s  primary ;  for  then  it  cannot  be 
diftingutflied  from  the  primary  itfelf. 

It  is  not  often  that  a  fatellite  can  be  difeovered 
upon  the  dife  of  Jupiter,  even  by  the  belt  tele- 
fcopes,  excepting  at  it’s  firft  entrance,  when  by 
reafon  of  it’s  being  more  directly  illuminated 
by  the  rays  of  the  fun,  than  the  planet  itfelf,  it 
appears  like  a  lucid  fpot  upon  it ;  fometimes 
however  a  fatellite  is  feen  palling  over  the  difk 
like  a  dark  fpot ;  this  has  been  attributed  to 
fpots  on  the  furface  of  the  fatellite,  and  that  the 
more  probably  as  the  fame  fatellite  has  been 
known  to  pafs  over  the  difk  at  one  time  as  a 
dark  fpot,  and  at  another  time  to  be  fo  luminous 
as  only  to  be  dttinguilhed  from  the  planet,  at 
it’s  ingrefs  and  egrefs.  The  beginnings  and  en¬ 
dings  of  thefe  eclipfes  are  eafily  feen  by  a  tele¬ 
scope,  w  hen  the  planet  is  in  a  proper  fituation  ; 

M  but 


astronomical  essays. 


178 

but  when  it  is  in  conjunction  with  the  fun,  the 
brightnefs  of  that  luminary  renders  both  the 
planet  and  fatellite  invifible. 

By  obferving  the  eclipfes  of  Jupiter’s  fatel- 
lites,  it  was  difeovered  that  light  is  not, propa¬ 
gated  inftantaneoufly,  though  it  moves  with  an, 
incredible  velocity;  fo  •  that  light  reaches  from 
the  fun  to  us  in  the  fpace  of  eleven  minuter 
of  time,  at  more  than  the  rate  of  100,000  miles 
in  a  fecond. 

The  orbits  of  all  the  fatellites  of  Saturn,  ex¬ 
cept  the  fifth,  are  nearly  in  the  fame  plane* 
which  plane  makes  an  angle  with  that  of  Saturn’* 
orbit,  of  about  3 1°  ;  this  inclination  is  fo  great, 
that  they  cannot  pafs  either  acrofs  Saturn  or  be¬ 
hind  it,  with  refped  to  the  earth,  except  when 
they  are  very  near  their  nodes,  fo,  that  their 
•eclipfes  are  not  near  fo  frequent  as  thofe  of 
Jupiter,  An  occultatiort  of  the  fourth  behind  the 
body  of  Saturn  has  been  obferved,  and  C  a  flint 
once  faw  a  ftar  covered  by  the  fourth  fatellite,  fo 
that  for  13  minutes  they  appeared  as  one. 

They  are  fo  minute  as  not  to  be  vifible  unlefs 
the  air  is  exceeding  clear ;  Caffini  obferved  the 
fifth  fatellite  to  diminifh  in  lize,  as  it  went 
through  the  eaftern  part  of  it’s  orbit,  until  it 
became  quite  invifible,  while  in  the  wefiern 
part  it  incrcafcd  in  brightnefs,  until  it  arrived 
at  it’s  greateft  fplendor.  In  1705  it  was  vifible 
in  ail  parts  of  it’s  orbit,  through  the  fame  tele- 

fcopes 
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fcflpes  that  were  often  ufed  before  to  difqpyei 
it  without  lb  cods.  r 

'i'hc  Gcorgium  Sidus  is  attended  by  two 
fateliites,;  the  ii.ncrmoft  is  luppofcd  to  perform 
11  S  revolution  in  at**  eight  days,  feventeeu 
(lours;  the  fccond  in  13  days,  eleven  hours, 
3J  j>  Uie  feconylfatcllite  at  it’s  great- 
eft  vtiibk  elongation  from  it’s  planet,  andatthe 
mean  diftance  of  the  Georghmyfrqm  the  earth, 
15  4-Ur.  greateft  diftance  44' '23*';  the  fatellites’ 
are  probably  not  Ms,  than  thqfe  of  Jupiter  : 
there  will  be  eclipfes  of  them  in  1 799,  and  1 81 8. 


Or  the  fixed  Stars. 


.  No  part  of  the  univerfe  gives  fuch  enlarged 
ideas  of  the  ftrudlure  and  magnificence  of  the 
heavens  as  the  conf, deration  of  the  number, 
•magnitude,  and  diftance  of  the  fixed  ftars  We 

adnnre  indeed,  With  propriety,  the  vaftbulkof 

-owngl^butwhenweconfidethow^h 

lurpaffed  by  moft  of  the  heavenly  bodies, 
at  a  point  it  degenerates  into,  and  how  little 
nioreeventhe  vaft  orbit,  in  which  it  revolves, 
ft°Uld  apP“r>  whe"  f“"  from  feme  of  the  fixed 
extlWCf  ugl"  W  C°n“ivi  moreJuft  ideas  ofthe 
^cation  UmVerfe’  a'K‘  of  1 ‘he  boundaries  of 

th-A  r'°ng  thC  mal,>  '1'nin‘fr'ons  Ant  charafterize 
fixed  ftars  from  the  other  luminaries  of 
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heaven,  that  which  is  afforded  by  their  light,. 
peculiar  luflre,  is  the  mod  obvious. 

The  light  of  the  planets  is  Heady,  becaufe  it 
fe  reflected  ;  that  <5f  the  ftare  is  bright  amd  lively, 
and  accompanied  with  a  kjfnd  of  vibration  of  light, 
which  we  call  twinkling.  This  is  ftippofed  to 
aTtfe  from  the  nature  of  their  light  as  intrinfic, 
and  not  received  and  refleded,  and  principally 
from  the  fmallaefs  of  their  apparent  diameter. 
Our  atmolphere  is  full  of  innumerable  tittle  par¬ 
ticles,  which  are  continually  floating  in  it ;  many 
of  thefe  are  large  enough,  on  coming  between 
the  eye  and  fuch  a  point  as  a  fixed  ftar,  to  hide 
that  point,  or  take  that  dar  out  of  our  view,  by 
intercepting  it’s  rays.  But  thefe  atoms  are  in 
perpetual  motion,  f®  that  the  ftar  is  no  fooncr 
hid  by  one  of  them,  than  it  appears  again,  be¬ 
caufe  the  atom  has  changed  it’s  place  j  then  ano-r 
ther  comes,  and  again  intercepts  the  view  :  the 
fwift  fucceftion  of  thcfe'moving  particles,  greatly 
aftifts  in  eauiing  that  appearance  which  we  term 
twinkling.  Or,  it  may  probably  arife  from 
Something  in  the  eye  itfelf,  for  we  are  continually 
{hiding  and  doling  them,  even  when  we  are  not 
confeious  of  doing  it,  and  a  ftar  being  but  a 
point,  the  fmallcft  motion  of  the  eye  is  fufficienc 
to  make  us  lofe  it ;  perhaps  the  impreflions  are 
fo  weak,  as  not  to  be  able  to  keep  the  vilive 
faculty  awake,  except  as  it  were  by  fits. 

Tt* 
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The  mod  confpicuous  and  brightell  of  the  fixed 
liars  of  our  horizon  is  Sirius.  The  earth,  in 
moving  round  the  fun,  is  190  millions  of  miles 
nearer  to  this  liar  in  one  part  of  it’s  orbit,  than  in 
the  oppofi&e  ;  yet  the  magnitude  of  the  dar  does 
not  appear  to  be  in  the  lead  altered,  or  it’s 
didanoe.alfcdled  by  it ;  fo  that  the  didance  of  the 
fixed  dars  is  great  beyond  all  computation.  The 
unbounded  fpace  appears  filled  at  proper  di  dances 
with  thefe  dar$,  each  of  which  is  probably  a  fun^ 
with  attendant  planets  rolling  round  it.  In  this 
view,  what,  and  how  amazing,  is  the  dnudurc 
of  the  univerlel 

Though  the  fixed  'dars  stc  the  only  mirks  by 
which  adronomers  arc  enabled  r©  judge  of  the 
oourfe  of  the  moveable  ones,  and  we  have  afferted 
their  relative  petitions  do  nor  vary,;  yet  this  aflcr- 
tioR  mud  be  confined  within  fomc  limits,  for 
many  of  them  are  found  to  undergo  particular 
changes,  and  perhaps  die  whole  are  liable  to  fame 
peculiar  motion,  w  hich  connc&s  them  with  the 
uniw^rfal  fydem  of  created  nature.  Dr.  Hcrfchel 
even  goes  fo  far  as  to  fuppofe  that  there  k  not,  in 
driidncfs  of  fpeaking,  one  fixed  dar  in  the  hea¬ 
vens  ;  but  thatthere  is  a  general  motion  of  all  the 
darry  fyftems,  and -confequently  of  the  folar  ooe 
among  the  red. 

There  are  fomc  dars,  whofc  fituation  and  place 
"ere  heretofore  known,  and  marked  with  pre- 
'Cifion,  that  arc  no  longer  to  be  feert ;  new  ones 
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have  alfo  been  difcovered,  that  were  unknown  to 
the  ancients,  while  numbers  feem  gradually  to 
vanifh.  There  are  others  which  are  found  to 
have  a  periodical  increafc  and  decrcafe  of  magni¬ 
tude  •  and  it  is  probable,  that  the  inffances  of 
thefe  changes  would  have  been  more  numerous, 
if  the  ancients  had  poffeflcd  the  fame  accurate 
means  of  examining  the  heavens,  as  are  ufed  at 
prefent. 

New  ffars  offer  to  the  mind  a  phaenomenon 
more  furprizing,  and  lefs  explic  able,  thanalmoff 
any  other  in  the  fcience  of  affronomy.  I  (hall 
felccl  a  few  inffances  of  the  more  remarkable 
ones,  for  the  inffru<£tion  of  the  young  pupil :  a 
confideration  of  the  changes  that  take  place,  at  lb 
immenfea  diffance  as  the  ffars  are  known  to  be 
from  him,  may  elevafe  his  mind  to  confider  the 
i'mmcnfity  of  his  power,  who  regulates  and 
governs  all  thefe  wide  extended  motions  ;  "  who 
hath  meafured  the  waters  in  the  hollow  ol  his 
hand,  and  meted  out  heaven  with  a  fpan.” 

“  Who  turns  his  eye,  on  nature's  midnight  face, 

But  must  enquire - What  hand  behind 

the  fcetie, 

What  Arm*  almighty,  put  thefe  wheeling 
globes 

In  motion,  and  wound  up  the*  vail  machine?” 

It  was  a  new  ffar  difcovered  by  Hipparchus, 
the  chief  of  the'  ancient  affronomers,  that  in- 
duced  him  to  cimpofe  a  catalogue  1  of  the 

fixed 
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iixed  ftars,  that  future  obfervcrs  might  learn 
from  his  labours,  whether  any  of  the  known  ftars 
•difappeared,  or  new  ones  were  produced.  The 
fame  motives  engaged  the  illullrious  Tycho 
Brahe  to  form,  with  unremitting  labour  and 
affiduity,  another  new  catalogue  of  the  ftars* 

Of  new  ftars,  the  firlt  of  which  we  have  a 
good  account,  is  that  which  w  as  difcovertd  in 
tlie  conftellation  Caffiopea,  in  the  month  of 
November  of  the  year  1572,  a  time  when 
aftronomy  was  Sufficiently  cultivated,  to  enable 
the  aftronomcrs  to  give  the  account  w  ith  prec 
cifion.  It  remained  vilible  about  fixteen  months-; 
■during  this  time,  it  kept  it’s  place  in  the 
heavens,  without  the  leaft  variation.  It  had  all 
the  radiance  ofrhe  fixed  ftars,  and  twinkled  like 
there  ;  and  was  in  all  relpe<fts  like  Syrius,  ex¬ 
cepting  that  it  furpailed  it  in  brightnefs  and 
magnitude.  It  appeared  larger  than  Jupiter,  who 
was  at  that  time  in  his  perigee ;  and  w  as  fearefc 
lefs  bright  than  Venus. 

It  was  not  by  degrees  that  it  acquired  this 
diameter,  but  fhone  forth  at  once  of  it’s  full  fize 
■and  brightnefs,  as  if  of  inftantaneous  creation.  It 
continued  about  three  weeks  in  full  and  entire 
fplendor,  during  which  time  it  might  be  feen 
even  at  noon  day,  by  thofe-  w  ho  had  good  eyes, 
and  knew  where  to  look  for  it.  Before  it  had 
been  feen  a  month,  it  became  vifibly  fmaller, 
and  from  thence  continued  diminifhing  in  mag- 
M  4  nitude 
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nitude  till  March,  1574,  when  it  entirely  difap- 
peared.  As  it  decreafcd  in  fize,  it  varied  in 
colour  ;  at  firB,  it’s  light  was  white,  and  ex¬ 
tremely  bright;  it  then  became  yellowifh,  after¬ 
wards  of  a  ruddy  colour,  like  Mars  ;  and  finifhed 
with  a  pale  livid  white,  refembling  that  of 
Saturn. 

In  1596,  Fabricius  obferved  a  new  Bar  in  the 
neck  of  the  "Whale :  he  firB  faw  it  in  Auguft,  and 
it  difappeared  in  O&ober  of  the  fame  year.  In 
1637,  Phocyllides  Holwarda  obferved  it  again, 
and  not  knowing  that  it  had  been  feen  before, 
took  it  for  a  new  difeovery :  he  watched  it’s 
place  in  the  heavens,  and  faw  it  appear  again  the 
fucceeding  year,  nine  months  after  it’sdifappear- 
ance.  It  has  been  fince  found  to  be  every  year 
very  regular  in  it’s  period,  except  that  in  1672 
it  was  miffed  by  Hcvelius,  and  not  feen  again  till 
1 676.  Bullialdus  having  compared  together  the 
obfervations  which  had  been  made  of  it  from 
1638  to  1666,  determined  the  periodical  time 
between  this  Bar’s  appearing  in  it’s  greatefl 
brightnefs,  and  returning  to  it  again,  to  be  333 
days ;  obferving  further,  that  this  Bar  did  not 
appear  at  once  in  it’s  full  magnitude,  or  bright¬ 
nefs,  but  by  degrees  arrived  at  them.  He  alfo 
framed  an  hypothefis,  to  account  for  thefe  periodic 
changes. 

Three  changeable,  or  re-apparent  Bars,  have 
been  difeovered  in  the  conBellation  of  the  Swan  j 

the 
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the  firft  was  feen  by  Janfonius,  in  1600;  the 
fccond  was  difcovered  in  1670;  the  third  by 
Kirchius,  in  1686- 

In  the  latter  end  of  September,  1 604,  a  new 
ftar  was  difcovered  near  the  heel  of  the  right  foot 
of  Serpcntarius.  There  w  ere  in  that  part  of  the 
heavens,  at  that  time,  the  three  fuperior  planets, 
which  fo  engaged  the  attention  of  aflronomers, 
that  no  appearance  thereabouts  could  have  long 
efcaped  them.  Kepler,  in  deferibing  it,  fay#> 
that  it  was  precifcly  round,  without  any  kind  of 
hair,  or  tail ;  that  it  was  exa&ly  like  one  of  the 
liars,  except  that  in  the  vividnefs  of  it’s  luftre, 
and  the  quicknefs  of  it’s  fparkling,  it  exceeded 
any  thing  he  had  ever  fecn  before.  It  was  every 
moment  changing  into  fomc  of  the  colours  of  the 
rainbow,  as  yellow',  orange,  purple,  and  red  ; 
though  it  was  generally  white,  when  it  was  at 
fomc  diftance  from  the  vapours  of  the  horizon. 
Thofe  in  general  who  faw  it,  agreed  that  it  was 
larger  than  any  other  fixed  liar,  or  even  any  of 
the  planets,  except  Venus:  it  preferved  it’s  luftre 
and  fize  for  about  three  weeks ;  from  this  time  it 
grewT  gradually  fmallcr.  Kepler  fuppofes  that  it 
difappeared  fomc  time  between  October,  1605, 
and  the  February  follow  ing,  but  on  what  day  is 
uncertain. 

Befides  thefe  feveral  re-apparent  flars,  fo  well 
characterized  and  eftabliflied  by  the  earlieft 
among  the  modern  aftronomers,  there  have  been 

many 
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many  difcovered  fince,  by  Cafiini,  Maraldi,  and 
others ;  Mr.  Montanere  fpeaks  of  having  ob- 
fcrved  above  one  hundred  changes  among  the 
fixed  liars. 

The  liar  Algol,  in  Medufa's  head,  has  been 
obferved  long  fince  to  appear  of  different  magni¬ 
tudes,  at  different  times.  The  period  of  it  has 
been  lately  fettled  by  J.  Goodrick,  Efq.  of  York. 
It  periodically  changes  from  the  ftrft  to  the  fourth 
magnitude  ;  the  time  employed  from  one  greateft 
diminution  to  the  other,  was,  anno  1783,  at  a 
mean  2  days,  20  hours,  49  minutes,  3  feconds. 
The  changes  are  thus :  during  four  hours  it  gra¬ 
dually  diminilhes  in  iulire  ;  during  the  fucceed- 
ing  four  hours,  it  recovers  it's  firll  magnitude  by 
a  like  gradual  increafe ;  and  during  the  remaining 
part  of  the  period,  namely,  2  days,  1 2  hours, 
49  minutes,  3  feconds,  it  invariably  preferves  it’s 
greateft  luftre  ;  after  the  expiration  of  which 
term,  the  diminution  again  commences. 

The  caufes  of  thefe  appearances  cannot  be 
affigned  at  prefent,  with  any  degree  of  proba¬ 
bility  ;  perhaps  they  have  fome  analogy  to  the 
fpots  on  the  fun,  which  at  fome  times  appear  in 
greater  numbers  than  at  others,  fome  of  them 
bigger  than  the  whole  earth  ;  or  perhaps  they  are 
owing  to  fome  real  motions  of  the  ftars  tfrem- 
felves. 

There  are  feveral  ftars  that  appear  fingle  to 
the  naked  eye,  which  are,  on  examination  with 
2  a  tele- 
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a  tclcfcope,  found  to  confift  of  two,  three,  &c. 
The  number  of  double  flars  obferved  before  the' 
time  of  Dr.  Herfchel,  was  but  frnall ;  but  this 
celebrated  aflronomer  has  noted  upwards  of  four 
hundred  ;  among  thefe,  fome  that  are  double, 
others  that  are  treble,  double  double,  quadruple, 
double  treble,  and  multiple;  his  catalogue  gives 
the  comparative  fize  of  thefe  flars,  their  colour 
as  they  appeared  to  him,  with  feveral  other  very- 
curious  particulars. 

Herschel  on  the  Construction  of  the 
Universe. 

Before  we  leave  the  fubje#.  of  the  fixed  ftars, 
we  Avail  endeavour  to  give  the  reader  an  ac-* 
count  of  Dr.  Herfchel’s  ideas  of  the  conftrudtion 
of  the  univerfe.  Former  aflronomers  had  fup- 
pofed  that  our  fun,  befides  occupying  the -center 
of  his  own  fyftem,  was  alfo  the  center  of  the  uni¬ 
verfe  j. and  that  the  lidereal  heavdns  might  be 
properly. represented  on  the  concave  furface  of  a 
ipherc:  but  thefe  are  ill  adapted,  fays  the  Doc¬ 
tor,  for  a  delineation  of  the.  interior  parts  o.f  the 
heavens.  Being  able  to  penetrate  into  thefe  re¬ 
gions  by  means  of  large  relefcppes,*  -  we  may 
now  confider  them  as  a  naturalill  regards  a  rich 

extent 

*  Mr.  Herfchers  obfervations,  on  which  this  theory  is 
founded,  were  made  with  a  Newtonian  refleftor,  ot  20  feet 
focal’length,  *nd  an  aperture  of  r8  inches. 


ASTRONOMICAL  ESSAYS. 

extent  of  ground,  or  a  chain  of  mountains,  con¬ 
taining  strata  varioufiy  inclined  and  dikect- 
j.d,  and  compofed  of  very  different  materials. 
He  gives  Arong  reafons,  deduced  from  a  feries 
of  obfervations,  as  well  as  considerations ,  drawn 
from  analogy,  to  prove  that  the  vilible  lyftem  of 
nature,  which  we  call  the  universe,  confiding 
of  all  the  celeftial  bodies,  and  many  more  than 
can  be  fecn  by  the  naked  eye,  is  only  a  group  of 
ftars,  or  funs,  with  their  planets,  conAituting 
one  of  thofe  patches  called  a  nebula ;  and  this  is, 
perhaps,  not  one  ten  thoufandth  part  of  the  uni- 
verfe. 

Mr.  Herfchel  found  that  his  large  telefcope 
completely  refolved  the  whitiAi  appearance  of 
the  Via  La<ffea  into  Aars.  Having  viewed  and 
guaged  this  bright  zone  in  all  direftions,  he 
found  it  compofed  of  Alining  Aars,  w  hofe  num¬ 
ber  conAantly  incrcafes  and  diminiAies,  in  pro¬ 
portion  to  it’s  apparent  brightnefs  to  the  naked 
eye.  There  is,  fays  he,  no  doubt  but  that  the 
Milky  Way  is  a  nioAextenAve  Aratum  of  Aars 
of  various  Azcs,  and  that  our  fun  is  one  of 
the  heavenly  bodies  belonging  to  it. 

The  portion  of  the  Milky  Way  that  he  firft 
obferved,  was  that  about  the  hand  and  club  of 
Orion  ;  here  he  found  an  aAoniAiing  multitude 
of  Aars,  which  he  attempted  to  number;  by 
eftimating  the  number  contained  in  the  field  of 
his  telefcope  at  once,  and  computing  from  a 

mean 
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tnean  of  thefe,  how  many  might  be  contained 
in  a  given  portion  of  the  Milky  Way,  in  the 
moll  vacant  places,  about  that  part,  he  found  63 
ttars  ;  other  fix  fields  contained  no,  60,  70,  90, 
70,  and  74  fiars  j  a  mean  of  thefe  gives  79  for 
the  number  of  fiars  in  each  field  :  fo  that  allow¬ 
ing  15  minutes  for  the  diameter  of  his  field  of 
view,  a  belt  of  1 5  degrees  long,  and  2  degrees 
broad,  could  not  contain  lefs  than  50,000  fiars, 
large  enough  to  be  dillintf  ly  numbered  ;  befidea 
which,  he  fufpeefied  twice  as  many  more,  which 
could  *  be  feen  only  now  and  then  by  faint 
glimpfes,  for  want  of  fufficient  light. 

It  is  very  probable  that  the  great  ftratum, 
called  the  milkly  way,  is  that  in  which  the  fun 
is  placed,  though  not  in  the  very  center  of  it’s 
thicknefs.  This  is  gathered  partly  from  the  ap¬ 
pearance  of  the  galaxy,  which  feems  to  encom- 
pafs  the  whole  heavens,  as  it  certainly  muft  do, 
if  the  fun  is  within  the  fame.  For,  fuppofe  a 
number  of  fiars  arranged  between  two  parallel 
planes,  infinitely  extended  every  way,  but  at  a 
given  confiderable  diftance  from  each  other,  and 
calling  this  a  sidereal  stratum,  an  eye  placed 
fomewhere  within  it,  w  ill  fee  all  the  fiars  in  the 
direction  of  the  planes  of  the  ftratum  projected 
into  a  great  circle,  which  will  appear  lucid,  on 
account  of  the  accumulation  of  the  fiars ;  while 
the  reft  of  the  heavens,  at  the  fides,  will  only  feem 
to  be  feattered  over  with  conftcllations,  more  or 
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lefs  crowded,  according  to  the  diftance  of  the. 
planes,  or  numbers  of  the  ftars,  contained  in  the 
thicknefs  or  fidesof  the  ftratum. 

Thus  in  fig.  3,  plate  XIII.  an  eye  at  S  within 
the  ftratum  a,  bt  will  fee  the  ftars  in  the  direc¬ 
tion  of  it’s  length  a  b,  or  height  e  d,  together 
with  all  thofe  in  the  intermediate  fituation,  pro¬ 
jected  into  the  lucid  circle  A  B  C  D ;  while  thofe 
in  the  fides  me  nzv,  will  be  feen  fcattered  over 
the  remaining  part  of  the  heavens  at  MVNW. 
Let  us  now’  fuppofe,  that  a  branch,  or  fmailer 
ftratum,  fhould  run  out  from  the  former  in  a 
certain  direction,  and  let  it  all'o  be  contained  be¬ 
tween  two  parallel  planes,  extended  infinitely 
onwards,  but  fo  that  the  eye  may  be  placed  in 
the  greater  ftratum,  fomewhere  before  the  fepa- 
ration,  but  not  far  from  the  place  where  the  ftrata 
are  ftili  united  ;  this  fecond  ftratum  will  not  be 
projected  into  a  bright  circle  like  the  former, 
but  w  ill  be  fecn  as  a  lucid  branch  proceedingi 
from  the  fir  ft,  and  returning  to  it  ?t  a  certain 
diftance  lefs  than  a  fcmicirclc.  Thus,  in  the 
fame  figure,  the  ftars  in  the  fmall  ftratum.  p  g, 
will  be.projeded  into  a  bright  arch  at  PRRP, 
which  after  it’s  feparat ion  from  the  circle,  unites 
with  it  again  at  P. 

If  the  eye  were  placed  without  the  ftratum, 
but.  at  no  very  great  diftance,  the  appearance  of 
the  ftars  within  it  would  aftume  th,e  forpt  of  one 
0/  the  lelfer  circles  of  the  fpherc ;  w  hich  would 

be 
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be  more  or  lefs  contracted,  according  to  the 
diftance  of  the  eye  :  if  this  was  exceedingly  in.— 
creafed,  the  whole  ftratum  might  ar  1  aft  be 
drawn  into  a  lucid  fpot  of  any  ftiape,  according 
to  the  pofttion,  length,  and  height  of  the  ftratum. 
What  has  been  inftanced  in  parallel  planes,  may 
be  eaffty  applied  to  ftrata  irregularly  bounded, 
and  running  in  various  directions ;  and  thus  any 
kind  of  curvatures,  as  well  as  various  degrees  of 
brightnefs,  may  be  produced  in  the  projection. 

From  appearances,  we  may  infer,  that  the  fun 
is  placed  in  one  of  the  great  ftrata  of  the  fixed 
ftars,  and  very  probably  not  far  from  the  place 
where  fome  fmaller  ftratum  branches  out  from 
it.  Such  a  fuppofition  accounts  for  all  the  phe¬ 
nomena  of  the  Milky  Way  with  great  eafe  and 
fimplicity,  while  every  ftar  in  the  ftratum  will 
have  it’s  own  galaxy,  with  only  fuch  variations 
in  form  and  luftre,  as  may  arife  from  their.par- 
ticular  fttuation. 

There  is,  fays  Dr.  Herfchel,  a  remarkable 
clearnefs  and  purity  in  the  heavens,  when  we 
look  out  of  our  ftratum  at  the  ftdes,  that  is, 
tow  ards  Leo,  Virgo,  and  Coma  Berenices,  on  one 
fide,  and  towards  Cetus  on  the  other ;  whereas 
the  ground  of  the  heavens  becomes  troubled,  as 
we  approach  towards  the  length  or  height  ot  it. 
Thefe  troubled  appearances  are  eafily  to.be  ex- 
-  plained,  by  aferibing  them  to  fpmc  of  the  dif- 
’  tant  draggling  ftars,  that  hardly  yield  light 
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enough  to  be  diftinguifiied ;  but  when  we  look 
towards  the  pole  of  ourfyftem,  where  the  vifual 
ray  does  not  graze  along  the  fide,  the  ftraggling 
ftars  of  courfe  will  be  very  few  in  number,  and 
therefore  the  ground  of  the  heavens  will  appear 
much  purer  and  more  clear. 

Mr.  Herfchcl  points  out  the  methods  where¬ 
by  the  fun’s  place  in  the  iidereal  ftratum  may  be 
afeertained,  but  thefe  demand  more  previous 
knowledge  than  is  to  be  fuppofed  in  the  readers 
of  an  introductory  work  like  the  prefent.  After  j 
this,  he  lays  down  fome  fuppofitions  on  the  fub- 
jeCt,  taking  a  point  of  view  at  a  very  remote 
period  of  time,  and  an  immenfc  diftance  of 
fpace  j  thefe  for  the  fame  reafon  we  fhall  leave 
untouched,  and  proceed  to  his  view  of  the  hea¬ 
vens  from  our  own  retired  ftation,  in  one  of  the 
planets,  attending  to  a  ftar  in  it’s  great  combina¬ 
tion  with  numberlefs  others ;  and  in  order  to  in- 
veftigate  what  will  be  the  appearances  from  this 
contracted  fituation,  let  us  begin  with  the  naked 
eye. 

The  ftars  of  the  firft  magnitude,  being  in  all 
probability  the  neareft,  w  ill  fumilh  us  with  a  Itep- 
to  begin  the  feale.  Setting  off,  therefore,  with, 
the  dittance  of  Sirius  or  ArCturus ;  far  inftance, 
as  unity,  we  jhall  at  prefent  fuppufe,  that  thofe 
of  the  fecond  magnitude  are  at  double,  thofe  of 
the  third  at  treble  the  diftance,  &c.  Taking  it 
for  granted,  then,  that  a  ftar  of  the  fevcntlv 
8  magni- 
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magnitude  (the  fmalleft  vifible  to  the  naked  eye) 
is  about  feven  times  as  far  as  one  of  the  firft. 
It  follows,  that  an  obferver  who  is  inclofed  in  a 
globular  clufter  of  ftars,  and  not  far  from  the 
center,  will  never  be  able,  by  his  naked  eye,  to 
fee  to  the  end  of  it ;  for  fincc,  according  to  the 
foregoing  eftimations,  he  can  only  extend  his 
view  to  about  feven  times  the  diftance  of  Sirius, 
it  cannot  be  expected  that  his  eyes  ihould  reach 
the  borders  of  a  clufter,  which  has  perhaps  no 
lefs  than  50  ftars  in  depth  every  where  around 
him.  The  whole  univerfe  therefore,  to  an  ob¬ 
ferver  confined  to  unalfifted  viiion,  will  be  com¬ 
prized  in  a  fet  of  conftellations  richly  orna¬ 
mented,  with  fcattered  ftars  of  all  lizes.  Or,  if 
the  united  brightnefs  of  a  neighbouring  clufter 
of  ftars  fhould,  in  a  remarkably  clear  night,  reach 
his  fight,  it  will  put  on  the  appearance  of  a  fmall, 
faint,  whitifh  nebulous  cloud,  not  to  be  perceived 
without  the  greateft  attention.  Let  us  fuppofe 
him  placed  in  a  much  extended  ftratum,  or 
branching  clufter  of  millions  of  ftars:  here  the 
heavens  will  not  only  be  richly  fcattered  over 
with  brilliant  conftellations,  but  a  finning  zone 
or  milky  way  will  be  perceived  to  furround  the 
whole  fphere  of  the  heavens,  ow  ing  to  the  com¬ 
bined  light  of  the  ftars  that  are  too  remote  to  be 
feen ;  our  obferver’s  fight  will  be  fo  confined, 
that  he  will  imagine  this  fingle  collection  of 
ftars,  though  he  does  not  perceive  the  thou- 
N  fandth 
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fandth  part  of  them,  to  be  the  whole  content* 
of  the  heavens.  Allow  ing  him  now  the  ufe  of 
a  common  telefcope,  he  begins  to  fufped  that 
all  the  milkinefs  of  the  bright  path,  which  fur- 
rounds  the  fphere,  may  be  owing  to  fiars :  he 
perceives  a  few  clufters  of  them  in  various  parts 
of  the  heavens,  and  finds  alfo  that  there  is  a 
kind  of  nebulous  patches,  but  ftill  his  views  are 
not  extended  to  reach  fo  far  as  to  the  end  of  the 
ftratum  in  which  he  is  fituated ;  fo  that  he  looks 
upon  thefe  patches  as  belonging  to  that  fyftem 
which,  to  him,  feems  to  comprehend  every 
celeftial  object.  It  now  increafes  his  power  of 
vifion ;  and  applying  himfelf  to  a  clofe  obfer- 
vation,  finds  that  the  Milky  Way  is  indeed  no 
other  than  a  collection  of  very  fmall  fiars :  he 
perceives  that  thofe  objects  which  had  been 
called  nebulae,  are  evidently  nothing  but  cluf¬ 
ters  of  fiars ;  their  number  increafes  upon  him  ; 
and  whilft  he  refolves  one  nebula  into  fiars,  he 
difcovers  ten  new  ones  that  he  cannot  refolve. 
He  then  forms  the  idea  of  immenfe  ftrata  of 
fixed  fiars,  of  clufters  of  fiars,  and  of  nebulae,  till 
going  on  with  fuch  interefting  obfervations,  he 
foon  finds  that  all  thefe  appearances  arife  from 
the  confined  fituation  in  which  we  are  placed. 
Confined  it  may  be  juftly  called,  though  con¬ 
tained  in  no  fmaller  a  fpace  than  w  hat  appeared 
before  to  be  the  w  hole  region  of  fixed  fiars,  but 
which  now  has  affumcd  the  ftiape  of  a  crookedly 
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(branching  nebula;  not  one  of  the  lead,  but 
probably  very  far  from  being  the  moft  confider- 
able,  of  thofe  numbcrlefs  clufters  that  enter  into 
the  conduction  of  the  heavens.  Dr.  Herfchel 
confirms  thefe  ideas  by  a  feries  of  obfervations, 
and  thinks  it  will  be  found  upon  the  whole,  that 
this  view,  with  all  it’s  con fequential  appearances, 
as  feen  by  an  eye  indofed  in  one  of  the  nebulse, 
is  no  other  than  a  drawing  from  nature,  wherein 
the  features  of  the  original  have  been  cloiely 
copied ;  and  Dr.  Herfchel  hopes  the  refemblance 
will  not  be  called  a  bad  one,  when  it  fliall  be 
confidered  how  very  limited  mufi  be  the  pencil 
©fan  inhabitant  of  fo  fmall  and  retired  a  Ipotof 
an  indefinite  fyftem,  in  attempting  the  picture 
of  fo  unbounded  an  extent. 

In  the  molt  crouded  parts  of  the  Milky  Way, 
he  has  had  a  field  of  view  of  588  fiars,  and  thefe 
continued  for  many  minutes;  fo  that  in  one 
quarter  of  an  hour's  time,  not  Iefs  than  1 16,000 
fiars  have  pafied  through  the  field  of  his  tele¬ 
scope  :  he  endeavours  to  Ihew,  that  the  powers 
of  his  telefcope  are  fuch,  that  it  will  not  only 
reach  the  fiars  at  497  times  the  diftance  of 
Sirius,  foas  to  diftinguifli  them,  but  that  it  alfo 
fiiews  the  united  luflre  of  the  accumulated 
fiars  that  compofe  a  milky  nebulofity  at  a  far 
greater  difiance.  From  thefe  confiderations,  it 
K  highly  probable,  that  as  his  20  feet  telefcope 
*3°es  not  ihew  fuch  a  nebulofity  in  the  Milky 

N  3  Way, 
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therefore  a  more  powerful  inftrument  would  re¬ 
move  all  douht,  by  expofmg  a  milky  nebulofity 
beyond  the  ftramm,  which  could  then  no  longer 
be  miitaken  for  the  dark,  ground  of  the  heavens. 

To  the  foregoing  arguments,  we  may  add  the 
following,  drawn  from  analogy ;  Dr.  Herfchel 
fays,  that  among  the  great  number  of  nebula: 
■which  he  has  already  feen,  amounting  to  more 
than  900,  there  are  many,  in  all  probability, 
equally  extenfive  with  that  which  we  inhabit; 
and  yet  they  are  all  feparatcd  from  each  other 
by  very  confrderable  intervals.  Some,  indeed, 
there  are,  that  fecm  to  be  double  and  treble ; 
and  though  with  moft  of  them  it  may  be,  that 
they  are  at  a  very  great  dulance  from  each  other, 
yet  he  does  not  mean  to  fay  that  there  are  no 
fuch  conjunctions  j  though  there  may  be  alfo  fome 
thinly  fcattered  folitary  bars,  not  yet  drawn  into 

fyftemsj  their  number  cannot  be  very  confidcr- 

able :  a  conjecture  that  is  abundantly  confirmed, 
in  fituations  where  the  nebulae  are  near  enough 
to  have  their  bars  vifible ;  for  they  are  all  inhi¬ 
bited,  and  generally  to  be  feen  upon  a  very  clear 
and  pure  ground,  w  ithout  any  liar  near  them, 
that  might  be  fuppofed  to  belong  to  them :  and 
though  they  may  be  often  feen  in  beds  of  bars, 
yet  from  the  ftze  of  thefe  bars,  we  may  be  certain 
that  they  are  much  nearer  to  us  than  thofe  ne¬ 
bulae,  and  belong  undoubtedly  to  our  own  fy  bem- 
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Thk  Origin  of  Nebulous  Strata. 

Dr.  Herfchcl  thinks  the  nebula  that  we  in¬ 
habit,  has  fewer  marks  of  profound  antiquity 
upon  it  than  the  reft ;  having  previoufly  fup- 
pofed  that  the  condenfation  of  clufters  of  ftars 
is  to  be  afcribed  to  a  gradual  approach ;  the 
number  of  ages  that  muft  have  palt  before  fome 
of  the  clufters  could  be  fo  far  condenfed  as  they 
are  at  prefent,  makes  him  naturally  alcribe  a 
certain  air  of  youth  and  vigour  to  many  very  re¬ 
gularly  fcattered  regions  of  our  fidereal  fyftem. 
There  are  many  places,  where  he  aflerts  that 
there  is  reafon  to  believe,  that  the  ftars,  if  we 
may  judge  from  appearances,  are  now  drawing 
towards  various  fecondary  centers,  and  will,  in 
time,  feparatc  into  different  clufters,  fb  as  to 
occafion  many  fub-divifions.>  Our  fyftem.  after 
numbers  of  ages,  may  be  divided  fo,  as  to  give 
rife  to  a  ftratum  of  two  or  three  hundred  ne¬ 
bula?. 


An  Opening  in  the  Heavens. 

Some  parts  of  our  fyftem  feem  to  have  already 
fuftained  greater  ravages  from  time  than  others: 
in  the  body  of  the  fcorpion,  there  is  an  open¬ 
ing,  or  hole,  which  is  probably  owing  to  this 
caufej  it  is  4  degrees  broad. 


A  PERFORATED  NEBULA,  OR  RlNG  OF  STARS. 

Among  the  curiofities  of  the  heavens,  fliould 
be  placed  a  nebula  that  has  a  regular  concentric 
dark  fpot  in  'he  middle,  and  is  probably  a  ring 
of  ftars ;  it  is  of  an  oval  fhape  ;  in  the  northern 
fide  3  very  faint  ftars  may  be  fecn,  as  alfo  one 
or  i’\o  in  the  fouthern:  the  vertices  of  the 
longer  axis  feem  lefs  bright,  and  not  fo  well  de¬ 
fined  as  the  reft. 

Planetary  Nebula. 

Thefe  are  fo  named  from  a  fmgularity  of  ap¬ 
pearance,  which  renders  it  difficult  toclafs  them. 
Their  light  is  fo  uniform  and  vivid,  the  diame¬ 
ters  fo  fmall  and  well  defined,  as  make  it  impro¬ 
bable  that  they  fliould  be  common  nebulae :  if 
nebulae,  they  muft  be  compreffed,  and  con- 
denfed  in  the  higheft  degree. 

Though  the  words  condensation  and  cluster 
often  occur  in  the  foregoing  extract,  we  are  by 
no  means  to  infer  that  any  of  the  celeftial  bodies, 
in  our  nebula,  are  nearer  to  one  another  than 
we  are  to  Sirius,  whofe  diftance  is  fuppofed  to 
be  not  lefs  than  38  millions  of  millions  of  miles. 
The  whole  extent  of  the  nebula  being,  in  fome 
places,  near  500  times  this  diftance,  muft  be 
fuch,  that  the  light  o£a  ftar  placed  at  it’s  extreme 
boundary,  fuppofing  it  to  fly  with  the  velocity 
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of  1 2  millions  of  miles  every  minute,  muft  have 
taken  near  3000  years  before  it  could  reach  us. 

Thefc  immenfe  fpaces,  thefe  numerous  hofts 
of  fyftcmatic  univerfes,  are  probably  conne&ed 
the  one  with  the  other.  Like  fo  many  immenfe 
circufcs,  by  the  mutual  contact  of  their  circum¬ 
ambient  fpheres,  they  prefs  each  other:  thefe 
aereal  atmofpheres  being  alfo  connected  and  in¬ 
terwoven  together  by  an  infinity  of  infertions, 
Conftitute  a  celeftial  fphere,  which  is  again 
linked  with  others,  till  by  an  infinity  of  orbs 
they  obtain  a  form,  which  is  the  origin  and 
pattern  of  all  forms,  in  which  all  the  variegated 
lidereal  revolutions  harmonioufly  concur  to  one 
and  the  fame  end  ;  that  of  mutually  (Lengthen¬ 
ing  and  cfiablifhing  each  other,  and  forming  a 
celeftial  union. 

Of  the  Telescopic  Appearance  of  the 
Planets. 

u  The  obfervations  which  might  with  fullnefs 
of  evidence  confirm  the  opinion  of  planetary 
worlds,  feem  to  be  placed  out  of  our  reach,  and 
We  can  fcarce  hope  to  make  our  optical  inftru- 
nients  fufficiently  perfeft,  to  render  the  inhabi¬ 
tants  thereof  vifible  to  us.  All,  therefore,  that 
we  can  do,  is  to  examine  if  the  planets  are 
accommodated  with  thofe  things  which  we  are 
ufed  to  confider  as  neccftary  to  animal  exiftence. 
Lands,  feas,  clouds,  vapours,  and  an  atmofphere, 
N  4  or 
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or  body  of  air,  are  objefts  that  we  may  expetf  to 
find  on  the  face  of  an  habitable  world.” 

By  means  of  the  telefcope,  we  are  enabled, 
in  fome  meafure,  to  afcend  into  the  celeltial 
region,  and  view  the  fun,  moon,  and  ftars,  as 
they  would  appear  to  us  if  they  were  brought 
fo  many  times  nearer  to  us  as  the  telefcope 
magnifies;  the  light  proceeding  from  the  lumi¬ 
nary  we  are  looking  at,  being  diminiihed  in  the 
fame  proportion. 

The  telefcope  is  one  of  thofe  difcoveries,  of 
which  no  idea  could  have  been  formed,  previous 
to  the  period  in  which  the  Supreme  Being  was 
pleafed  to  unveil  to  the  human  mind  fome  of  the 
myfterious  powers  of  glafs :  the  importance  of 
this  difeovery,  and  the  extent  to  which  it  may  be 
carried,  flill  lie  hid  among  the  fecrets  of  infinite 
wifdom.  It  is  by  this  inftrument  more  than 
by  any  other,  that  we  have  been  led  onward 
in  our  advances  towards  a  perfect  knowledge 
of  the  heavenly  bodies,  and  that  agronomy 
has  been  raifed  from  little  more  than  a  catalogue 
of  ftars,  into  a  fcience. 

When  we  look  at  the  fun  through  a  telefcope 
even  of  moderate  power,  the  eye  being  defended 
by  a  piece  of  coloured  or  fmoked  gjafs,  nay,  even 
by  the  naked  eye,  when  guarded  in  the  fame  man¬ 
ner,  we  difeover  on  his  furface  many  black,  or 
rather  lefs  bright  fpots,  of  various  fizes  and 
fhapes.  Sometimes  thefe  fpots  will  vanilh  in  a 
r  a  very 
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a  very  (hort  time  after  their  firft  appearance; 
fometimes  they  travel  over  his  whole  difk,  or 
viiible  furface,  from  weft  to  call,  when  they 
difappear,  and  in  twelve  or  thirteen  days  they 
appear  again,  fo  as  to  be  Known,  by  their 
magnitude  and  figure,  to  be  thofe  that  had  dis¬ 
appeared  before.  Thofe,  however,  which  are  of 
the  longeft  continuance,  do  not  appear  to  have 
much  lolidity  of  confidence,  for  in  a  little  time 
they  alfo  vanifti,  and  become  bright  like  the  reft 
of  the  furface. 

The  Spots  are  more  frequent  at  Some  periods 
than  at  others  ;  in  Some  years,  the  fun’s  difk  has 
for  many  months  been  perfectly  free  from  them  ; 
in  others,  he  has  for  months  been  more  or  lefs 
obfeured  by  Spots :  the  moft  remarkable  phaeno- 
mena  of  thefe  Spots,  as  obferved  by  Scheiner  and 
Hevelius,  are  as  follow  :  i.  Every  Spot,  which 
has  a  nucleus,  or  dark  part,  hath  alfo  an  umbra, 
or  fainter  {hade,  Surrounding  it.  2.  The 
boundary  betwixt  the  nucleus  and  umbra  is  al¬ 
ways  diftindt  and  well-defined.  3.  The  increafe 
of  a  Spot  is  gradual,  the  breadth  of  the  nucleus 
and  umbra  dilating  at  the  fame  time.  4.  In  like 
manner,  the  dccreafe  of  a  Spot  is  gradual,  the 
breadth  of  the  nucleus  and  umbra  diminifhing 
at  the  fame  time.  5.  The  exterior  boundary  ofthe 
umbra  never  confifts  of  iharp  angles,  but  is  al¬ 
ways  curvilinear,  how  irregular  foever  the  outfidc 
of  the  nucleus  may  be,  6.  The  nucleus  of  a 
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fpot,  whilft  on  the  dccreafe,  often  changes  lt’sr 
figure,  by  the  umbra  incroaching  irregularly 
upon  it,  infomuch  that  in  a  fmall  fpace  of  time 
new  incroachmcnts  are  difcernible,  whereby  the 
boundary  between  the  nucleus  and  the  umbra  is 
perpetually  varying.  7.  It  often  happens,  that 
by  thefe  incroachments  the  nucleus  of  a  fpot  is 
divided  into  two  or  more  nuclei.  8.  The  nuclei 
of  the  fpots  vanilh  before  the  umbra.  9.  Smalt 
umbras  are  often  feen  without  nuclei.  10.  A 
large  umbra  is  feldom  feen  without  a  nucleus  in 
the  middle  of  it.  1 1 .  When  a  fpot,  which  con¬ 
futed  of  a  nucleus  and  an  umbra,  is  about  to  dis¬ 
appear,  if  it  be  not  fucceeded  by  a  facula,  or 
fpot,  brighter  than  the  reft  of  the  difk,  the 
place  it  occupied  is  in  a  very  little  time  not  to  be 
perceived. 

In  the  Philof.  Tranf.  vol.  lxiv.  the  reader  wilt 
find  feveral  curious  obfervations  on  thefe  fpots, 
by  ProfelTor  Wilfon,  and  the  Rev.  Mr.  Wolafton. 
The  latter  gentleman  fays,  he  once  faw,  with  a 
twelve- inch  refle&or,  a  fpot  burft  to  pieces, 
while  he  was  looking  at  the  fun  ;  the  appearance 
was  to  him  as  that  of  a  piece  of  ice,  w  hen  daftied 
on  a  frozen  pond,  which  breaks  to  pieces,  and 
Aides  in  various  directions. 

The  fpots  are  by  no  means  confined  to  one  part 
of  the  fun’s  difk,  though  we  do  not  know  that 
anv  have  been  obferved  about  his  polar  regions. 
Though  their  direction  is  from  eaft  to  weft,  yet 
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the  paths  they  deferibe  in  their  courfe  ova*  the 
dilk,  are  exceedingly  different,  fometimes  being 
in  ftrait  lines,  fometimes  in  curves ;  at  one  time 
defeending  from  the  northern  to  the  fouthern  part 
of  the  dilk,  at  other  times  afeending  from  the 
fouthern  to  the  northern  part. 

The  larger  fpots,  moft  of  which  exceed  the 
whole  earth  in  apparent  magnitude,  laft  a  con- 
fiderable  time,  fometimes  three  months  before 
they  difappear,  at  which  time  they  are  generally 
converted  into  fpots  exceeding  the  reft  of  the  fun 
in  brightnefs.  The  general  opinion  concerning 
their  nature  is,  that  they  are  volcanoes,  or  burn¬ 
ing  mountains  of  immenfe  fize;  and  that  when 
the  eruption  is  nearly  ended,  and  the  fmoke  dif- 
fipated,  the  fierce  flames  are  expofed,  and  appear 
as  luminous  fpots.  D.  Wilfon  fuppofes  them, 
on  the  other  hand,  to  be  excavations  in  the  lu¬ 
minous  matter  (or  atmofphere)  that  environs  the 
body  of  the  fun. 

The  diameter  of  a  fpot  near  the  middle  of  the 
dilk,  is  mcafured  by  comparing  the  time  it  takes 
in  palling  over  a  crofs  hair  in  a  telefcope,  with 
the  time  w  herein  the  whole  dilk  of  the  fun  paffes 
over  the  fame  hair.  It  may  alfo  be  meafured 
by  a  micrometer.  Hevelius  obferved  a  fpot  that 
rofe,  and  vanilhed,  in  1 6  or  1 7  hours.  None  have 
been  obferved  to  continue  longer  than  70  days. 

When  we  look  at  the  moon  with  the  naked 

eye. 
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eye,  we  difeern  a  great  number  of  irregular 
fpots  on  her  difk,  diftinguifhed  by  their  dark 
colour  from  the  brighter  or  more  glaring  parts ; 
but  when  viewed  through  a  telcfcope,  their  num¬ 
ber  is  prodigioufly  increafed  ;  and  it  is  perceived, 
that  many  of  thefe  appearances  are  occafioned  by 
val\  obfeure  pits  or  cavities,  and  elevations  or 
mountains.  The  fpots  in  the  moon  always  keep 
their  places,  not  being  moveable  like  thofc  ol 
the  fun.  Sometimes  more  or  lefs,  of  the  north¬ 
ern,  and  fouthern,  and  eaftern,  and  wcftemrpart 
of  the  difk  is  feen,  which  is  owing  to  what  is 
called  her  libration. 

Thefe  mountains  and  cavities  are  known  to  be 
fuch,  from  the  fhadow  they  caft.  In  thefirft  and 
fecond  quarters,  when  the  light  of  the  fun  falls 
obliquely  upon  them,  the  elevated  parts  caft  a 
triangular  fhadow  on  the  fide  oppofite  to  the  fun  * 
whereas,  with  refpetf  to  the  cavities,  thefe  have 
that  fide  which  is  oppofite  to  the  fun  illuminated, 
and  that  which  is  ne*t  the  fun  is  dark  and  ob¬ 
feure,  the  lame  as  would  happen  to  a  hollow 
bafon,  placed  on  a  table  at  fome  diftancc  from  a 
candle,  in  a  room  where  there  is  no  other  light. 
The  fhadows  vhorten  as  the  fun  becomes  more 
direhtly  oppofed  to  the  anterior  face  of  the  moon, 
and  at  length  difappear  at  the  time  of  the  full. 
During  the  third  and  lafl  quarters*  the  fhadows 
appear  again,  but  all  fall  towards  the  contrary 
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fide  of  the  moon,  though  ftill  with  the  fame 
diflindtion,  namely,  that  the  mountains  are  dark 
and  fhady  on  the  lide  fartheft  from  the  fun,  and 
the  pits  are  dark  on  the  lide  next  che  fun. 

The  full  moon  is  a  very  pleahng  fight  through 
a  telcfcope,  and  has  a  great  variety  of  luftre  and 
colour;  but  it  is  not  the  face  on  which  to  difeover 
the  mountains,  thefe  are  belt  ieen  at  the  increafe 
or  decreafe;  for  befides  the  evidence  derived 
from  the  lhacjlows,  we  may  then  fee  the  tops  of 
thefe  mountains  catching  the  rays  of  the  fun  be¬ 
fore  they  reach  that  part  of  the  furface  on  which 
their  bottoms  are  placed. 

On  April  19,  1787,  Dr.  Herfchel  obferved 
fome  appearances  on  the  furface  of  the  moon, 
which,  judging  by  analogy  from  things  perceived 
here  w  ith  us,  he  thought  he  might  term  volcanoes. 
Three  of  thefe  he  obferved  in  different  places  of 
the  dark  part  ot  the  moon ;  two  of  them  ap¬ 
peared  nearly  extinct,  or  going  to  break  out ;  the 
third,  as  an  aftual  eruption  of  fire,  or  luminous 
matter.  On  the  20th  it  burnt  w  ith  greater  vio¬ 
lence,  and  might  be  computed  to  be  about  three 
miles  in  diameter ;  the  eruption  refembled  a 
piece  of  burning  charcoal,  covered  by  a  thin 
coat  of  w  hite  allies  ;  all  the  adjacent  parts  of 
the  volcanic  mountain  were  faintly  illuminated 
by  the  eruption,  and  were  gradually  more  ob- 
feure  as  they  lay  at  a  greater  diftance  from  the 
Crater,  Dr.  Herfchel  had,  in  1783,  obferved 

a  n 
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an  eruption,  fomewhat  iimilar  to  that  of  the 
foregoing  volcano.  Indeed  an  appearance  of 
this  kind  had  been  feen  before,  by  Don  Ulloa, 
in  an  eclipfe  of  the  fun.  It  was  a  fmall 
bright  fpot,  near  the  margin  of  the  moon,  w  hich 
he  fuppofed  to  be  a  hole  with  the  fun’s  light 
fhining  through  it. 

That  the  moon  is  furrounded  by  an  atmo- 
fphere,  is  rendered  probable  by  many  obferva- 
tions  of  the  folar  eclipfes,  in  which  the  edge 
or  limb  of  the  fun  was  obferved  to  tremble 
juft  before  the  beginning.  The  planets  are 
likewife  obferved  to  change  their  figure  from 
round  to  oval,  juft  before  the  beginning  of  an 
occukation  behind  the  moon,  which  can  be  at¬ 
tributed  to  no  other  caufe  than  that  their  light 
is  refra&ed  by  being  feen  through  the  moon’s 
atmofphere.  That  we  fee  no  clouds,  will  not 
appear  furprizing,  if  we  confider  that  the  lunar 
days  and  nights  are  thirty  times  as  long  as 
our’s ;  it  w  ill  be  eafy  to  conceive,  that  with 
them  the  phenomena  of  vapours  may  be  very 
different  from  what  they  are  with  us ;  perhaps 
their  clouds  and  rain,  if  any,  may  be  condenfed 
into  vifiblc  quantities  only  during  the  abfence 
of  the  fun,  and  of  courfe  when  they  muft  be 
invifible  to  us. 

Mercury  being  at  all  times  near  the  fun, 
we  can  only  diftinguilb  by  the  telefcopc  a 
variation  of  his  figure,  which  is  fometimes 

thaf 
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that  of  a  half  moon,  fometimes  a  little  more  or 
lefs  than  half. 

Venus,  when  in  the  form  of  a  crefcent,  and 
at  her  brighteft  times,  affords  a  more  plealing 
telefcopic  view  than  any  other  of  the  heavenly 
bodies ;  her  furface  is  diverfified  with  fpots, 
like  thofe  of  the  moon ;  by  the  motion  of 
thefe,  the  time  (he  takes  up  in  revolving  upon 
her  axis  is  difeovered.  With  a  powerfal  tele- 
fcope,  mountains  like  thofe  in  the  moon  may 
be  feen. 

Mars  appears  always  round  and  fi  II,  except 
at  the  time  of  the  quadrature,  when  it’s  difk 
appears  like  that  of  the  moon  about  three  days 
after, the  full.  By  the  fpots  which  are  feen  on 
it’s  furface,  it’s  diurnal  revolution  has  been 
afeertained.  From  it’s  charadleriftic  ruddinefs, 
and  from  other  phaenomena,  it  has  been  fup- 
pofed  that  it’s  atmofphere  is  nearly  of  the 
fame  denlity  with  our’s.  Dr.  Herfchel  has 
obferved  two  white  luminous  circles  furroun¬ 
ding  the  poles  of  this  planet ;  thefe  are  fup- 
pofed  to  arife  from  the  fnow  lying  about  thofe 
parts. 

The  appearance  of  Jupiter  through  a  telefcope, 
opens  a  vaft  field  for  fpeculative  inquiry.  The 
furface  is  not  equally  bright,  but  is  diftinguifhed 
by  certain  bands,  or  belts,  of  a  dufkier  colour 
than  the  reft  of  the  furface,  running  parallel  to 
fach  other,  and  to  the  plane  of  it’s  orbit.  They 
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are  not  regular  or  conftant  in  their  appearance ; 
fometimes  only  one  is  feen,  at  other  times  eight 
have  been  feen  ;  their  breadth  is  likewife  varia¬ 
ble  one  belt  growing  narrow  while  another  in 
it’s  neighbourhood  becomes  broader,  as  if  one 
had  flowed  into  the  other;  in  this  cafe  an 
oblique  belt  has  been  obferved  to  lie  between 
them  as  if  for  the  purpofe  of  forming  a  com¬ 
munication.  Sometimes  one  or  more  fpots 
are  formed  between  the  belts,  which  increafe 
till  the  whole  is  united  in  one  large  dulky  band. 
There  are  alfo  bright  fpots  to  be  difcovcred  on 
Jupiter’s  furface;  thefe  are  rather  more  per¬ 
manent  than  the  belts,  and  rc-appear  after  une¬ 
qual  intervals  of  time.  The  remarkable  fpot,  by 
whofe  motion  the  rotation  of  Jupiter  on  his  axis 
was  afcertained,  difappeared  in  1 694,  and  was  not 
feen  again  till  1 708,  when  it  re-appeared  exadly 
in  the  fame  place,  and  has  been  occaflonally  feen 
ever  flnee.  The  difappearanoe  and  re-appearing 
of  the  fpots  is  not  fo  wonderful  as  the  changes- 
that  have  been  obferved  in  the  belts  ;  the  elder 
Caflini  faw  one  evening  five  belts  upon  the 
planet,  but  w  hile  he  was  viewing  them,  they 
underwent  the  mofl  furprizing  change.  In  an 
hour  from  their  fulleft  appearance  there  remained 
only  three  out  of  five,  and  one  of  thefe  fcarce 
perceptible.  The  mod  remarkable  telefcopic 
appearance  of  this  planet,  are  the  fatellites,  but 
thefe  are  particularly  deferibed  under  the  head  of 

SATELLITES.  Though 
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Though  the  great  diftancc  of  the  planet  Saturn, 
and  the  tenuity  of  it’s  light,  do  nor  permit  us  to 
diftinguilh  the  varieties  of  it’s  furface;  yet  fome 
of  the  firft  difeoveries  made  by  the  telefcope  were 
on  this  planet,  and  the  ring  is  ft  ill  one  of  the 
moft  curious  phenomena  we  are  acquainted 
with.  There  is  not,  indeed,  any  thing  in  the 
whole  fy  ft  cm  of  nature  more  wonderful  than  this 
ring,  w  hich  appears  nearly  as  bright  as  any  pare 
of  the  furface  of  the  planet :  by  what  means  it  is 
fufpended,  or  by  what  law  fupported ;  w  hether  it 
is  only  a  bright  but  permanent  cloud,  or  whether 
it  is  a  vaft  number  of  fatellites  difpofed  in  the 
fame  plane,  whofe  blended  light  gives  it  tp  us  the 
form  of  one  continual  body,  we  can  only  form 
crude  conjetfturc.  M.  Meftier  has  obferved  on 
the  anfes  of  this  ring,  feveral  luminous  w  hite 
twdnkling  points,  differing  in  vivacity  from  each 
other. 

Sometimes  our  eye  is  in  the  plane  of  the  ring, 
and  then  it  becomes  invifible  :  as  it’s  plane  al¬ 
ways  keeps  parallel  to  itfelf,  it  difappears  twice 
in  every  revolution  of  the  planet,  that  :s,  about 
once  in  1  5  years ;  and  he  fometimes  appears  quite 
round  for  nine  months  together.  At  other  times 
the  diftance  betwixt  the  body  of  the  planet  and 
the  ring  is  very  perceptible,  infomuch  that  Dr. 
Clarke’s  father  faw  a  ftar  through  the  opening. 
When  Saturn  appears  round,  if  our  eye  be  in  the 
O  plane 
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plane  of  the  ring,  it  will  appear  as  a  dark  line 
acrofs  the  middle  of  the  planet’s  dilk  ;  if  the 
cyc  be  elevated  above  the  plane,  a  fhadowy  belt 
will  beviliblc  ;  when  the  plane  appears,  the  ring 
next  the  body  is  the  brightelt ;  when  the  ring 
appears  of  an  elliptical  form,  the  parts  about 
the  ends  of  the  larged  axis  are  called  anlae. 
Thefe,  a  little  before  and  after  the  difappearing 
of  the  ring,  are  of  unequal  magnitude.  It  has 
been  fuppofed  that  the  ring  has  a  rotation  round 
an  axis. 

With  very  long  tclefcopcs  two  beits  have 
been  difeovered  on  Saturn,  which  appear  parallel 
to  that  formed  by  the  edge  of  the  ring;  thefe  are 
laid  to  be  permanent :  Caflini  and  Fatio  perceived 
a  bright  fireak  upon  Saturn  which  was  not 
permanent,  being  vifible  one  day,  difappearing 
the  next,  when  another  came  into  view  near  the 
edge  of  his  dilk.  Befides  thefe  there  are  it’s  five 
fatellites  mentioned  under  their  proper  head. 

Of  Comets. 

Comers  are  a  kind  of  ftars,  appearing  at  unex¬ 
pected  times  in  the  heavens,  and  of  fingular  and 
various  figures,  defeending  from  far  diftant  parts 
©f  the  fyfiem,  with  great  rapidity,  furprizing  us 
with  the  lingular  appearance  of  a  train,  or  tail ; 
and  after  a  fhert  ftay,  are  carried  off”  to  diftant 
regions,  and  difappear. 

They 
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They  were  imagined  in  ancient  times  to  be 
prodigies. hung  our  by  the  immediate  hand  of 
God  in  the  heavens,  and  intended  to  alarm  the 
world.  Their  nature  I  cing  now  better  under-; 
hood,  they  are  no  longer  terrible.  But  as  there 
are  ftill  many  who  nink  them  to  be  heavenly 
warnings,  portents  of  future  events,  it  may  not 
be  improper  for  the  tutor  to  inform  his  pupil, 
that  the  Architect  of  the  univerfe  has  framed 
every  part  according  to  divine  order,  and  fub- 
jected  all  things  to  laws  and  regulations  :  that  he 
does  not  hurl  at  random  Bars  and  worlds,  and 
difordcr  the  fyftcm  of  the  w  hole  glorious  frame* 
to  produce  falfe  apprehenfions  of  diliant  events, 
fears  without  foundation,  and  without  ufe.  Re¬ 
ligion  glories  in  the  teft  of  reafon,  oFknowledge,. 
and  of  true  wifdom;  it  is  every  way  connected 
with,  and  is  always  elucidated  by  them.  From 
philofophy  we  may  learn,  that  the  more  the 
works  of  the  Lord  are  underftood,  the  more  he 
mult  be  adored ;  and  that  his  fuperintcndancy 
over  every  portion  is  more  clearly  evinced,  and 
more  fully  exprefled  by  their  unvaried  courfe, 
than  by  ten  thoufand  deviations. 

The  exigence  of  an  univerfal  connection  be¬ 
tween  all  the  parts  of  nature  is  now  generally 
allowed.  Comets  undoubtedly  form  a  part  of 
this  great  chain  ;  but  of  the  part  they  occupy, 
and  of  the  ufes  for  which  they  exit,  we  arc 
equally  ignorant.  It  is  a  portion  of  fcience  whofe 
O  a  perfee- 
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perfection  is  referved  for  fome  diftant  day,  when 
thefe  bodies  and  their  vaft  orbits  may,  by  long 
and  accurate  oblervation,  be  addtd  to  the  known 
parts  of  the  folar  fyftem;  when  aUtonomy  will 
appear  as  a  new  fcitnce,  after  all  our  dilcoverics> 
great  as  wc  at  prefent  imagine  them  to  be. 

The  aftronomy  of  comets  is  very  impeded:; 
for  but  little  can  be  known  with  certainty,  where 
but  little  can  be  feen.  Comets  afford  lew  obler- 
vations  on  which  to  ground  conjecture,  and  are 
for  the  greattft  part  of  their  courfe  beyond  the 
reach  of  human  vifion  ;  but  that  they  are  not 
meteors  in  the  air  is  plain,  becaufe  they  rife  and 
fet  in  the  fame  manner  as  the  moon  and  ltarsi 
they  are  called  comets,  from  their  having  a  long 
tail  fomewhat  refembling  the  appearance  ot 
hair;  fome  however  have  appeared  without  this 
appendage,  as  well  defined  and  round  as 
planets. 

It  is  generally  fuppofed,  that  they  are  planetary 
bodies,  making  part  ot  our  fyftem,  revolving 
round  the  fun  in  extremely  long  elliptic  curves ; 
that  as  the  orbit  of  a  comet  is  more  or  lefs 
excentric,  the  dillance  to  which  they  recede  from 
the  fun  will  be  greater  or  lefs.  Very  great 
difference  has  been  found  by  obfervation  in  this 
refped,  even  fo  great,  that  the  tides  ot  the  ellip¬ 
tic  orbit  in  fome  cafes  degenerate  almoft  into 
right  lines.  They  are  very  numerous  ;  450  are 
fuT  pofed  to  belong  to  our  folar  fyftem. 
x  1  That 
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That  thofe  comets  which  go  to  the  greateft 
diftance  from  the  fun,  approach  the  ncaielt  to 
him  at  their  return. 

Their  motions  in  the  heavens  are  not  all  direct, 
or  according  to  the  order  of  the  ligns,  like  thofe 
of  die  other  planets.  The  number  of  thofe  w hich 
move  in  a  retrograde  manner,  is  nearly  equal  to 
thofe  whofe  motion  is  direcfl. 

The  orbits  of  moll  of  them  are  inclined  in  very 
large  angles  to  the  plane  of  the  ecliptic. 

The  velocity  with  which  they  move  is  variable 
in  every  part  of  their  orbit ;  when  they  are  near 
the  fun,  they  move  with  incredible  fwiftnefs ; 
when  very  remote  from  him,  their  motion  is  in¬ 
conceivably  flow. 

When  they  appear,  they  come  in  a  direct  line 
towards  the  fun,  as  if  they  were  going  to  fall  into 
his  body;  and  after  having  difappeared  for  fome 
time,  in  confequence  of  his  extreme  brightnefs, 
they  fly  off  on  the  other  fide  as  faff  as  they  came, 
continually  lofing  their  fplendor,  till  at  laft  they 
totally  dilappear.  Their  apparent  magnitude  is 
very  different,  fometimes  feeming  not  bigger  than 
the  fixed  ftars,  at  other  times  equal  in  diameter 
to  Venus.  Hevelius  obferved  one  in  1652,  which 
was  not  inferior  to  the  moon  in  lizc,  though  no* 
fo  bright;  it’s  light  pale  and  dim,  it’s  afpefl 
di  fmal. 

A  greater  number  of  comets  are  feen  in  the 
hemifphere  towards  the  fun,  than  in  the  oppo- 
O3  fite* 


astronomical  essays. 


214 

fite  ;  and  are  generally  invifible  at  a  (mailer  dif- 
tance  than  that  of  Jupiter.  Mr.  Brydone  ob- 
fervcd  one  at  Palmero,  in  July  1770,  which,  in 
24  hours,  defcribed  an  arch  in  the  heavens  up¬ 
wards  of  50  degrees  in  length  ;  fo  that  if  it  was 
far  did  ant  from  the  fun,  it  mud  have  mo\ed  at 
the  rate  of  upwards  of  60  millions  of  miles  in  a 
(day. 

They  differ  alfo  in  form  from  the  other  planets, 
confifting  of  a  large  internal  body,  which  (hines 
with  the  reflected  light  of  the  fun,  and  is  encom- 
p  a  fled  with  a  very  large  atmofphere,  apparently 
of  a  fine  matter,  much  refembling  that  of  the 
Aurora  Borealis;  this  is  called  the  head  of  the 
comet,  and  the  internal  part  the  nucleus.  When 
a  comet  arrives  at  a  certain  diftance  from  the 
fun,  an  exhalation  arifes  from  it,  which  is  called 
the  tail. 

The  tail  is  always  directed  to  that  part  of  the 
heavens  which  is  diredtly  or  nearly  oppofite  to 
rhe  fun,  and  is  greater,  and  brighter,  after  the 
comet  has  parted  it’s  perihelium,  than  in  it’s  ap-r 
proach  to  it;  being  greatert  of  all  when  it  has 
juft  part:  the  perihelium.  The  tail  of  the  comet 
of  1680  was  of  a  prodigious  fize,  extending  from 
the  head  to  a  diftance  fcarcely  inferior  to  that  of 
the  fun  from  the  earth. 

No  fatisfa&ory  knowledge  has  been  acquired 
concerning  the  caufe  of  that  train  of  light  which 
accompanies  the  comets.  Some  philofophers 
4  imagine 
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imagine  that  it  is  the  rarer  atmofphcre  of  the 
comet  impelled  by  the  fun’s  rays.  Others,  that 
it  is  the  atmofphere  of  the  comer,  riling  in  the 
folar  atmofphere  by  it's  fpecific  levity;  while 
others  imagine  that  it  is  a  phenomenon  of  the 
fame  kind  with  the  aurora  borealis  ;  and  that  this 
earth  would  appear  like  a  comet  to  a  fpedaror 
placed  in  another  planet. 

The  number  of  the  comets  is  certainly  very 
great,  confiderably  beyond  any  eftimation  that 
might  be  made  from  the  obfervations  we  now 
pofiefs. 

There  are,*  who  do  not  think  the  prefent  agro¬ 
nomy  of  comets  well  cftablilhed;  and  that  as  fo 
many  fmali  ones  are  frequently  fecn,  they  think 
that  nothing  can  be  determined  with  certainty, 
till  fome  better  marks  are  difeovered  fordifr 
tinguifhing  one  from  another,  than  any  at  pre¬ 
fent  known;  and  that  even  the  accomplishment 
of  Dr.  Halley’s  predi&ion  is  uncertain:  for  it  is 
very  fmgular,  that  out  of  four  years,  in  which 
three  comets  appeared,  the  only  one,  in  which 
no  comet  was  to  be  feen,  lliould  be  that  very 
year  in  which  the  greateft  aftronomers  that  ever 
exifted  had  foretold  the  appearance  of  one ;  and 
iu  accounting  for  it’s  non-appearance,  Mr.Clai- 
rault  would  have  been  equally  fupported  by 
cometic  evidence;  whether  he  had  concluded 
O  4  the 

*  Encyclopaedia  Britannica,  vol.  2.  p.  765’  Scconci 
Edition, 
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the  comet  to  have  been  retarded  or  accelerated 
by  the  aeftion  of  Jupiter  and  Saturn:  a  comet 
appeared  in  1757,  as  well  as  in  1755,  and  had 
he  determined  the  retardation  of  the  comet  to 
be  twice  as  great  as  he  did,  another  appeared  in 
1760  to  have  verified  his  calculations. 

Of  a  Plurality  of  Worlds. 

The  fixed  ftars  are  generally  fuppofed  to  be 
of  the  fame  nature  with  our  fun,  each  of  them 
attended  by  planets,  which  are  inhabited  by  ra¬ 
tional  creatures  like  this  earth. 

Inftead,  therefore,  of  one  fun,  and  one  world, 
ve  find  that  the  region  of  unbounded  fpace  is 
peopled  with  funs,  and  ftars,  and  worlds.  This 
opinion  has  been  held  and  taught  by  many  of  the 
inoft  celebrated  phtlofophers  and  aftronomers, 
both  in  ancient  and  modern  times :  in  this  view 
of  things,  our  fyftem  refembles  a  fingle  individual 
of  feme  one  fpecies  of  being  in  outward  nature, 
diverfified  from  all  it’s  fellow  individuals,  by 
differences  uneflential  to  the  kind  and  fpecies; 
but  which  conftitute  that  beauty,  which  arifes 
from  uniformity  amidft  variety. 

That  the  fixed  ftars  are  funs,  fhining  by  their 
own  light,  is  probable,  on  account  of  their  im- 
menfe  diftance  from  us ;  for  as  it  is  impoftible 
that  at  thefe  diftances  they  could  be  feen  by  any 
reflection  of  light  from  the  fun,  it  is  natural  to 
fuppofc  them  endowed  with  a  power  of  emitting 
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light  from  their  own  bodies.  By  comparing  the 
apparent  diameter  of  obje&s  at  different  difianccs. 
it  is  clear  that  our  fun  would  appear  like  a  Itai, 
were  he  removed  to  the  diflance  at  which  they 
are  placed  ;  and  that  therefore  it  is  truly  reafon- 
able  to  fuppofe,  that  the  fixed  Bars  are  equal,  if 
not  fuperior  in  magnitude,  to  that  which  is  the 
center  of  our  fyftem ;  and  that  they  are  made 
for  the  fame  purpofes  with  the  fun,  to  bellow 
light,  heat,  and  vegetation,  on  a  certain  number 
of  planets  revolving  round  them. 

Of  their  immenfe  diftance  from  us,  and  the 
vafinefs  of  the  fpace  they  occupy,  the  reader  may 
form  fome  idea,  when  he  is  told,  that  numbers 
amongft  them  are  at  too  great  a  dillance  ro  be 
adequately  expreffed  by  figures,  and  beyond  the 
reach  of  admeafurement ;  and  this  will  be  height¬ 
ened,  if  he  confiders  that  the  fmalleft  of  the  liars 
vilible  to  the  eye  are  much  more  remote  than  the 
larger  ones,  and  that  the  telefcope  difeovers  liars 
which  are  too  dillant  to  be  perceptible  to  the 
naked  eye.  That  the  inftrument,  like  our  eyes, 
has  it’s  limits ;  but  the  extent  of  the  heavens  has 
no  bounds. 

The  fixed  Bars  being  fo  far  removed  from,  and 
for  the  moll  part  invifiblc  to  us ;  it  can  fcarcely 
be  conceived  by  the  narrowed  mind,  that  they 
form  a  part  of  our  fyllem,  or  were  created  only 
to  give  a  faint  glimmering  light  to  the  inhabitants 
of  this  globe ;  for  one  additional  moon  would 

have 
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have  afforded  us  more  light  than  the  whole  hoft 
of  ftars  ;  fuch  an  opinion  is  unworthy  of  our 
rcafon,  inadequate  to  our  conceptions  of  the 
Deity.  It  would  be  alfo  abfurd  to  fuppofe  that 
the  author  of  nature  had  made  fo  many  funs 
without  planets,  to  be  enlightened  by  their  light, 
and  vivified  by  their  heat;  but  more  fo,  to 
i  magi  lie  fo  many  habitable  worlds  enlightened 
by  funs  without  inhabitants  ;  we  may,  therefore, 
fafely  conclude,  that  all  the  planets,  of  every 
fyftem,  are  inhabited. 

*  This  rcafoning  is  ftill  further  ftrengthened,  by 
confidering  the  immenfiry  of  the  ftarry  heavens, 
in  which  are  innumerable  hods  of  ftars,  created 
as  the  means  to  fome  great  end.  From  revela¬ 
tion  we  learn,  that  the  ultimate  end  of  creation  is 
the  peopling  of  heaven  with  men.  Thefe  re- 
fplendent  funs  are  clearly  then  the  mediums  of 
exiftencc  to  fo  many  earths,  and  of  men  upon 
them,  created  to  be  happy  eternally  with  their 

God,  "  THE  ONE  ETERNAL  THIRST  TO  BLESS.” 

“  Every  ftar  is  thus  the  center  of  a  magnificent 
fyftem,  attended  by  a  retinue  of  worlds,  irradi¬ 
ated  by  it’s  beams,  and  revolving  round  by  it  s 
active  influence.”  Thus  the  greatnefs  of  God  is 
magnified,  and  the  grandeur  of  his  empire  made 
manifeft.  He  >s  not  glorified  on  one  earth,  or  in 
one  world,  but  in  ten  thoufand  times  ten  thou- 
fand.  ,c  H'  v.  e  could  w  ing  our  way  to  the  higheft 
apparent  flar,  we  fhouid  there  fee  other  Ikies 

expanded, 
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expanded,  other  funs  that  diftribute  their  inex- 
hauhible  beams  of  day  ;  other  liars,  that  gird  the 
alternate  night,  and  other  (perhaps  nobler)  fyf- 
tems  e  11  ab  hiked  in  unknown  profufion,  through 
the  boundlefs  dimenfions  of  lpace.  Nor  does 
the  dominion  of  the  Sovereign  of  all  things  ter¬ 
minate  here ;  even  at  the  end  of  this  vail  tour 
we  fhould  find  ourfelves  advanced  no  further 
than  the  frontiers  of  creation,  the  commence¬ 
ment  of  the  great  Jehovah’s  kingdom.* 

This  mode  of  reafoning  applies  with  greater 
force  to  the  planets  of  our  own  fytfem,  and  gains 
additional  flrcngth  from  other  conliderations. 
For  who  would  venture  to  aifert,  that  infinite 
love  and  confummate  wifdoin  had  formed  fuch 
immenfe  material  mafies,  lome  of  which  exceed 
pur  earth  in  fize,  convey  them  in  revolutions 
round  (he  fun,  furnilh  them  with  moons,  grant 
them  the  alternate  changes  of  night  and  day, 
vicifluudes  of  feafons,  and  all  this  only  to  emit 
their  fcanty  light  on  our  earth. 

Or  who  that  has  feen  any  engine,  a  windmill 
for  jo  fiance,  and  who  knows  the  ufc  ot  it,  it  he 
travels  into  another  country,  and  there  fees  an 
/engine  of  the  fame  fort,  will  not  reafonably  con¬ 
clude  that  it  is  deligned  for  the  fame  purpofe  ? 
So  when  we  know  that  the  ufc  of  this  planer, 
the  earth,  is  for  an  habitation  of  various  forts  of 
animals,  and  we  fee  other  planets  at  a  diilancc 

from 
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from  us,  fome  bigger,  fome  lefs  than  the  earth, 
moving  periodically  round,  revolving  on  their 
axes,  and  attended  with  moons  ;  is  it  not  highly 
reafonable  to  conclude,  that  they  are  all  defigned 
for  the  fame  ufe  as  this  earth  is,  and  that  they  arc 
habitable  worlds  like  that  we  live  in? 

«*  Who  can  conceive  them 

- - — - ■ - unpoffefs’d 

By  living  foul,  defert  and  defolate. 

Only  to  Ihine,  yet  fcarce  to  contribute 
Each  orb  a  gleam  of  light  ?” 

Or  that  the  Almighty,  who  has  not  left  with 
ns  a  drop  of  water  unpeopled,  who  has  in  every 
inftance  multiplied  the  bound  oflife,  fhould  leave 
fuch  immenfe  bodies  deftitute  of  inhabitants  ?  It 
is  Purely  much  more  rational  to  fuppofe  them 
the  poffeflion  of  human  beings,  beings  formed 
with  capacities  for  knowing,  loving,  and  ferving 
their  Almighty  Creator;  bleft  and  provided 
with  every  object  conducive  to  their  happinefs, 
and  many  of  them  in  a  far  greater  date  of  purity 
than  the  inhabitants  of  our  earth,  and  therefore 
in  pofleflion  of  higher  degrees  of  blifs,  and  placed 
in  fituations,  furnilhing  them  with  feenes  of  joy, 
equal  to  all  that  poetry  can  paint,  or  religion  pro- 
mife  :  all  under  the  direction,  indulgence,  and 
protection  of  infinite  w  ifdom  and  goodnefs.* 

A  COM- 

•  See  the  Rev.  Mr.  Woolafton’s  Reflexions,  which  are 
inferted  at  the  end  of  the  Dcfcription  of  the  Ccleilial  Globe, 
one  of  the  lubfetjuent  fubjefts  of  thefe  Eflays. 
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A  COMPREHENSIVE  SURVEY  OF  THE  UNIVERSE. 

As  this  work  is  principally  intended  for  young 
minds,  the  following  view  of  the  univerfc,  by 
the  amiable  philofopher  of  Geneva,  Mr.  Bonnet, 
cannot  but  prove  acceptable  to  the  reader,  not 
only  becaufeMt  will  ferve  as  a  recapitulation  of 
what  has  gone  before,  but  as  it  will  tend  to  en¬ 
large  his  ideas,  and  increafe  his  veneration  for 
the  Father  of  all  beings. 

When  the  (hades  of  night  have  fpread  their 
veil  over  the  azure  plains,  the  firmament  mani- 
fefts  to  our  view  it’s  grandeur  and  it’s  riches. 
The  fparkling  points  with  which  it  is  fovvn,  are 
fo  many  suns  lufpended  by  the  Almighty  in 
the  immenfity  of  fpace,  to  give  light  and  heat  to 
the  worlds  which  roll  around  them. 

The  heavens  declare  the  glory  of  God, 

and  THE  FIRMAMENT  SHEWETH  Ills  HANDY 

work.  The  royal  poet,  who  exprefled  himfelf 
with  fuch  loftinefs  of  fentiment,  was  ignorant 
that  the  ftars  he  contemplated  were  in  reality 
funs.  He  anticipated  the  times,  and  firft  fung 
that  majeftic  hymn,  which  future  and  more  en¬ 
lightened  ages  fiiould  chaunt  forth  in  praife  to 

the  FOUNDER  OF  WORLDS. 

The  affemblage  of  thefe  vaft  bodies  is  divided 
into  different  fyftems,  the  number  of  which  pro¬ 
bably  furpaffes  the  grains  of  fand  which  the  fea 
cafis  on  it’s  fhorcs. 


Each 
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Each  fyftem  has  it’s  center,  or  focus,  a  ftar, 
or  fun,  which  fhines  by  it's  native  inherent  light; 
and  round  which,  feveral  orders  of  opake  globes 
revolve,  reflecting,  with  more  or  lefs  brilliancy, 
the  light  they  borrow  from  it,  and  which  renders 
them  vifible. 

Thofe  globes  which  we  perceive  as  wandering 
among  the  heavenly  hofl,  are  the  planets;  the 
primary,  or  principal  ones,  have  the  fun  lor  the 
common  center  of  their  periodical  revolutions ; 
while  the  others,  which  are  called  fecondaries, 
move  round  their  primaries,  accompanying  them 
as  satellites  in  their  annual  revolution. 

The  earth  has  one  fatellite,  Jupiter  four,  Saturn 
five,  and  the  Georgium  Sidus  two  ;  Saturn  has 
belides  a  luminous  and  beautiful  ring. 

We  know  that  our  folar  fyftem  confifts  of 
twenty  planetary  bodies  ;  we  arc  not  certain  but 
that  there  may  be  more.  Their  number  has  been 
confiderably  augmented  fince  the  invention  of 
telefcopes  :  more  pcrfedl  inftruments,  and  more 
accurate  oliCervers,  may  further  increafe  their 
number  ;  the  difeevery  of  the  Georgium  Sidus 
may  be  looked  upon  as  the  happy  prefage  of 
future  fuccefs. 

Modern  aftronomy  has  not  only  enriched  our 
heavens  w  ith  new  planets,  but  it  has  alfo  enlarged 
the  boundaries  of  the  folar  fy^ftem.  The  comets, 
which  from  their  fallacious  appearance,  their 
tail  they-  beard,  the  diverfity  of  their  diretfions, 

their 
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their  fudden  appearance  and  difappearance,  have 
been  confidered  as  meteors,  lighted  up  in  the 
air  by  an  irritated  power,  are  found  to  be  a 
fpecies  of  planetary  bodies,  whofe  long  routes 
are  now  calculated  by  aftronomers ;  they  alfo 
forctel  their  diftant  return,  determine  their  place, 
and  account  for  their  irregularities.  Many  of 
thefe bodies  at  prefent  acknowledge  the  empire  of 
our  fun,  though  the  orbits  they  trace  round  him 
are  fo  exteniive,  that  feveral  ages  are  neceflary 
for  the  completion  of  a  revolution. 

In  a  word,  it  is  from  modern  afironomy 
we  learn  that  the  ftars  are  innumerable,  and  that 
theconfiellations,  in  which  the  ancients  reckoned 
but  a  few,  are  now  known  to  contain  thoufands. 
The  heavens  of  Thales  and  Hipparchus  were 
very  poor  when  compared  to  thofe  of  Tycho 
Brahe,  Flamfteed,  de  La  Caille,  and  Herfchel. 

The  diameter  of  the  great  orbit  which  our 
earth  deferibes,  is  more  than  many  millions 
of  leagues;  yet  this  vaft  extent  vaniflies  into 
nothing,  and  becomes  a  mere  point,  when 
the  aftronomer  w  iflies  to  ufe  it  as  a  meafure, 
to  afeertain  the  diftance  of  the  fixed  Bars. 

How  great  than  is  the  real  bulk  of  thefe  lu¬ 
minaries,  which  are  perceptible  by  us  at  fuch 
an  enormous  didance  l  the  fun  is  about 
1  *392,500  times  greater  than  the  earth,  and 
539$  times  greater  than  all  the  planets  taken  to¬ 
gether.  If  the  liars  are  funs,  as  we  have  every 

reafon 
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reafon  to  fuppofe,  they  mud  cither  be  equal  to, 
or  exceed  it  in  fize. 

Proud  and  ignorant  mortal !  lift  up  now  thine 
eyes  to  heaven,  and  anfwcr  me:  if  one  of  thofe 
luminaries  which  adorn  the  ftarry  heaven,  fliould 
be  taken  aw  ay,  would  thy  nights  become  darker  ? 
Say  not  then,  that  the  fiars  are  made  for  thee ; 
that  it  is  for  thee  that  the  firmament  glitters 
with  effulgent  brightnefs :  feeble  mortal  !  thou 
wert  not  the  chief  object  of  the  liberal  bounties  of 
the  Creator,  when  he  appointed  Syrius,  and  en- 
compaffed  it  with  worlds. 

Whilft  the  planets  perform  their  periodical 
revolutions  round  the  fun,  by  which  the  courfe 
of  their  year  is  regulated,  they  turn  round  upon 
their  axes,  a  motion  by  w  hich  they  obtain  the 
alternate  lucceflion  of  day  and  night. 

But  by  what  means  are  thefc  vaft  bodies  fuf- 
pended  in  the  immenfity  of  fpace  ?  What  fecret 
power  retains  them  in  their  orbits,  and  enables 
them  to  circulate  w  ith  fo  much  regularity  and 
harmony?  Gravity,  or  attracton,  is  the 
powerful  agent,  tlje  univerfal  principle  of  this 
equilibrium,  and  of  thefe  morions.  It  penetrates 
intimately  all  bodies.  By  this  power  they  tend 
towards  each  other  in  a  proportion  relative  to 
their  bulk.  Thus  the  planets  tend  towards  the 
center  of  the  fyftem,  into  which  they  would  foon 
have  been  precipitated,  if  the  Creator,  when 
he  formed  them,  had  not  imp  relied  upon 

them 
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them  a  proje&ile  or  centrifugal  force,  which 
continually  keeps  them  at  a  proper  diftancc 
from  the  center. 

The  planets,  by  obeying  at  the  fame  infiant 
each  of  thefe  motions,  are  made  to  defcribc  a 
curve.  This  curve  is  an  ellipfe,  of  different  ex- 
centricities,  according  to  the  combination  of  the 
a&ive  powers.  At  one  of  the  foci  of  this  ellipfe 
the  fun  is  placed.  Thus  the  fame  force  which 
determines  the  fall  of  a  hone,  is  the  ruling  prin¬ 
ciple  of  the  heavenly  motions.  Wonderful 
mechanifml  whofe  fimplicity  and  energy  gives 
us  unceafing  tokens  of  the  profound  wisdom  op 
it’s  author. 

The  earth,  which  feems  fo  vaft  in  the  eyes  of 
the  emmets  who  inhabit  it,  and  whofe  diameter 
is  above  7970  miles,  is  yet  near  a  thoufand  times 
final ler  than  Jupiter,  who  appears  to  the  naked 
eye  as  little  more  than  a  fhining  atom. 

Two  troops  of  academicians,  new  Argonauts, 
have  had  within  this  century  the  glory  of  deter¬ 
mining  the  figure  of  the  earth,  and  have  demon- 
firated  it  to  be  a  fpheroid,  flattened  at  the  poles, 
elevated  at  the  equator.  But  Newton  has 
acquired  a  ftill  greater  glory,  that  ofdifcovering, 
by  the  powers  of  genius,  the  lame  truth  previous 
to  obfervation.  This  figure  is  alfo  the  effetf:  of 
gravity,  combined  with  the  centrifugal  force. 
Thefe  two  powers  a&ing  in  different  proportions, 

on  different  planets,  vary  their  figure,  and  change 
p  them 
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them  jtito  fpheroids,  more  or  lefs  flat,  at  the- 
fam^  time  that  they  contra#  or  dilate  their 
orbits. 

This  terraqueous  globe  is  externally  divided 
by  land  and  feas.  It  is  internally  formed  (at  lead 
to  a  certain  depth)  inta  beds  of  heterogeneous 
matter;  the  beds  are  almoft  parallel,  but  of 
different  denfities  and  textures. 

The  furface  of  the  earth  abounds  \yith  irregu¬ 
larities.  In  one  part  we  find  vail  plains,  inter¬ 
fered  with  hills  and  vallies.  In  another,  long, 
chains  of  mountains,  which  lift  their  frozen  heads 
to  the  clouds;  from  the  bofom  of  thefe  moun¬ 
tains  proceed  rivers,  which,  after  they  have 
watered  various  countries,  and  produced  ponds 
and  lakes,  difcharge  thcmfelves  into  the  fca, 
andreftore  to  it  what  it  had  loft  by  evaporation. 

The  fea  prefents  to  our  view  iflands  fcattcrcd 
in  all  parts  of  it,  fands,  rocks,  currents,  gulphs, 
and  ftorms;  but  above  all,  that  regular  and  ad¬ 
mirable  motion  whereby  it’s  waters  rife  and  fall 
twice  every  twenty-four  hours. 

The  lands  and  feas  are  peopled  with  plants  and 
animals,  whofe  infinitely  varied  fpecies  have  each 
their  proper  habitation.  Mankind  divided  into 
nations,  people  and  families,  cover  the  furface 
of  the  globe.  They  modify  and  enrich  it  by 
their  various  labours,  and  build  dwellings  from 
pole  to  pole,  which  corrcfpond  with  their  man¬ 
ners,  genius,  and,  climate. 


A  rar« 


ASTRONOMICAL  ESSAYS*  227 

A  rare,  tranfparent,  and  elaftic  fubftance  fur- 
jhounds  the  earth  to  a  certain  height.  This  fub¬ 
ftance  is  the  atmofphere,  the  habitation  of 
the  winds,  an  immenfe  refervoir  of  vapours, 
which,  when  condenfed  into  clouds,  either 
embcllifh  our  Iky  by  the  variety  of  their  figures, 
and  the  richnefs  of  their  colouring ;  or  aftonifh  us 
by  the  rolling  thunder,  or  flaflics  of  lightning, 
that  cfcape  from  them  j  fometimes  they  melt 
away,  at  others  are  condenfed  into  rain  or  hail, 
fupplying  the  deficiencies  of  the  earth  with  the 
fuperfluity  of  heaven. 

The  moon,  the  neareft  of  all  the  planets  to  the 
earth,  is  likewife  that  of  which  we  have  the 
moft  knowledge.  It’s  globe  always  prefents  to 
us  the  fame  face,  becaufe  it  turns  round  upon  it’s 
axis  precifely  in  the  fame  fpace  of  time  that  it 
revolves  round  the  earth. 

It  has  it’s  phafes,  or  gradual  and  periodical 
increafe  and  decreafe  of  light,  according  to  it’s 
pofition  with  refpeCt  to  the  fun,  which  enlightens 
it,  and  the  earth  on  w  hich  it  refle&s  the  light 
that  it  has  received. 

The  difk  of  the  moon  is  divided  into  luminous 
and  obfcure  parts.  The  former  feems  analogous 
to  land,  the  latter  to  refemble  our  feas. 

In  the  luminous  fpots  there  have  been  obferved 
fome  parts  w'hich  are  brighter  than  the  reft, 
projecting  a  fhadow,  whofe  length  has  been 
meafured,  and  tfack  afcertained.  Thefe  parts 
P  2  are 
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are  mountains,  much  higher  than  our’s,  in- 
proportion  to  the  fize  of  the  moon,  vvhofe  tops 
niay  be  feen  gilded  by  the  rays  of  the  fun,  at  the 
quadratures  of  the  moon,  and  the  light  gradually 
defeending  to  their  feet,  till  they  appear  entirely 
bright.  Some  of  thefe  mountains  Hand  by  them- 
feives,  while  in  other  places  there  are  long 
chains  of  them. 

We  {hall  not  dwell  upon  the  numerous  par¬ 
ticulars  that  may  be  obferved  on  an  attentive  ex¬ 
amination  of  this  planet.  If  the  author  of 
nature  has  with  us  thought  proper  to  vary  the 
fmallefi  individual,  how  great  muft  the  diverfity 
be,  by  which  he  has  difiinguillied  one  world 
from  another  ! 

Venus  has,  like  the  moon,  her  phafes,  fpots, 
and  mountains.  The  telefcope  difeovers  to  us 
alfo  fpots  in  Mars  and  Jupiter.  Thofe  in  Jupiter 
form  belts;  confiderable  changes  have  been, 
feen  among  thefe,  as  if  of  the  ocean’s  over¬ 
flowing  the  land,  and  again  leaving  it  dry  by 
it’s  retreat. 

Mercury,  Saturn,  and  the  Georgium  Sidus* 
are  but  little  know  n  ;  the  firfl,  becaufc  he  is  too 
near  the  fun  ;  the  two  lafi,  becaufe  they  are  fo 
remote  from  it. 

Laflly,  the  fun  himfelfhas  fpots,  which  feem 
to  move  w  ith  regularity,  and  whofe  fize  equals, 
and  very  often  exceeds,  our  globe  itfelf. 


Every 
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Every  thing  in  the  univerfe  is  fyft^matical,  all 
is  combination,  affinity,  and  connection. 

The  fpecies  and  individuals  have  relation  to 
the  fizc  of  the  earth  ;  the  fize  of  the  earth  has  it’s 
relation  to  the  place  fhe  occupies  in  the  planetary 
fyfiem. 

The  fun  gravitates  on  the  planets ;  the  planets 
on  the  fun  and  each  other.  Thefe  taken  together 
gravitate  on  their  neighbouring  fyftems  ;  thefe 
again  on  more  diftant  ones  ;  while  the  ballance 
of  the  univerfe  remains  in  cquilibrio,  in  the  hands 
of  the  ANCIENT  OF  DAYS. 

From  the  relations  which  exift  between  all 
parts  of  the  world,  and  by  which  they  confpire 
to  one  general  end,  refults  the  harmony  of  the 
world. 

The  relations  which  unite  all  the  worlds  to 
one  another,  conftitute  the  harmony  of  the 
univerfe. 

The  beauty  of  the  world  is  founded  in  the  har¬ 
monious  diverffiy  of  the  beings  that  compofe  it, 
in  the  number,  the  extent,  and  the  quality  of 
their  effeds,  and  in  the  fum  of  happinefs  that 
arifes  therefrom. 


essay  II 


BEING 

A  TREATISE 

ON  THE 

life  of  the  Terreftrial  and  Celeftial  Globes. 

EXEMPLIFIED  IN 

A  VARIETY  of  PROBLEMS, 

Arranged  in  proper  Order* 

AND  interspersed  with  much  curious  but 

RELATIVE  INFORMATION. 
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ESSAY  U. 

PART  I. 

A  Treatise  on  the  Use  of  the 
Terrestrial  and  Celestial  Globes. 

Of  the  Advantages  of  Gi.obes  in  general, 

FOR  ILLUSTRATING  THE  PRIMARY  PRINCI¬ 
PLES  of  Astronomy  and  Geography  ;  and 
PARTICULARLY  OF  THE  ADVANTAGES  OF  THE 

Globes,  when  mounted  in  my  Father’s 
Manner. 

UNIVERSAL  approbation,  the  opinion 
of  thofe  that  excel  in  fcience,  ana  the 
experience  of  thole  that  are  learning,  all  concur 
to  prove  that  the  artificial  repr  fentations  ot  the 
earth  and  heavens,  on  the  terminal  and  ceidtial 
globes,  are  the  inftruments  t  e  belt  adapted  to 
convey  natural  and  genuine  ideas  ot  aftronomy 
and  geography  to  young  minds. 

This  fuperiority  they  derive  principally  from 
their  form  and  figure,  which  communicates  a 
more  juft  idea,  and  a  more  adequate  repielenta- 

tion 
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lion  of  the  earth  and  heavens,  than  can  be  for¬ 
med  from  any  other  figure. 

To  underhand  the  nature  of  the  projection  of 
either  fphere  in  piano,  requires  more  knowledge 
of  geometry  than  is  generally  poiTefledby  begin¬ 
ners,  it’s  principles  are  more  reclufe,  and  the 
Solution  of  problems  more  obfeure. 

The  motion  of  the  earth  upon  it’s  axis  is  one 
of  the  mod  important  principles  both  in  geogra¬ 
phy  and  altronomy  ;  on  it  the  greater  part  of  the 
phenomena  of  the  vifible  world  depend:  but 
there  is  no  invention  that  can  communicate  fo 
natural  a  reprefentation  of  this  motion,  as  that 
of  a  terreftrial  globe  about  it’s  axis.  By  a 
celehial  globe,  the  apparent  motion  of  the  heavens 
is  alfo  represented  in  a  natural  and  fatisfacbory 
manner. 

In  order  to  convey  a  clear  idea  of  the  various 
-divifions  of  the  ear^h,  of  the  fituation  of  different 
places,  and  to  obtain  an  eafy  lolution  ol  the 
various  problems  in  geography,  it  is  neceffary 
to  conceive  many  imaginary  circles  delineated 
on  it*s  furface,  and  to  underhand  their  relation 
to  each  other.  Now  on  a  globe  thefe  circles 
have  their  true  form ;  their  interfe&ions  and  rela¬ 
tive  pofitions  are  vifible  upon  the  moft  cur- 
fory  infpeCtion.  But  in  projections  of  the 
fphere  in  piano,  the  form  of  thefe  circles  is 
varied,  and  their  nature  changed;  they  arc 
confequently  but  ill  adapted  to  convey  to  young 

minds 
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minds  the  elementary  principles  of  geogra- 

Phy- 

On  a  globe,  the  appearance  of  the  land  and 
■water  is  perfectly  natural  and  continuous, 
fitted  to  convey  accurate  ideas,  and  leave  per¬ 
manent  impreflions  on  the  moft  tender  minds  ; 
whereas,  in  pianifpheres  one-half  of  the  globe  is 
feparated  and  disjoined  from  the  other ;  and 
thofe  parts  which  are  contiguous  on  a  globe,  are 
here  feparated  and  thrown  at  a  diftance  from  each 
pthcr.  The  celeftia}  globe  has  the  fame  fuperi- 
prity  over  projections  of  the  heavens  in  piano. 

The  globe  exhibits  every  thing  in  true  propor¬ 
tion,  both  of  figure  and  lize  ;  while  on  a  plani- 
fphere  the  reverfe  may  often  be  obferved. 

Prefuming  that  thefereafons  fufficiently  evince 
the  great  advantage  of  globes  over  either  piani¬ 
fpheres  or  maps,  for  obtaining  the  firfl  principles 
of  agronomical  and  geographical  know  ledge,  I 
proceed  to  point  out  the  pre-eminence  of  globes 
mounted  in  my  father’s  manner,  over  the  com¬ 
mon,  or  rather  the  old  and  Ptolemaic  mode  of 
fitting  them  up. 

The  great  and  increafing  fale  of  his  globes 
mounted  in  the  bell  manner  may  be  looked  upon 
at  lead:  as  a  proof  of  approbation  from  numbers; 
to  this  I  might  alfo  add,  the  encouragement  they 
have  received  from  the  principal  tutors  of  both 
pur  univerfities,  the  public  fan&ion  of  the  uni- 
verfity  of  Leyden,  the  many  editions  of  my 

fathers 
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iiither’s  treatife  on  their  ufe,  and  it’s  tranfbtion 
into  Dutch,  &c.  The  recommendation  of  Meff. 
Arden,  Walker,  Burton,  &c.  public  ledfurers 
in  natural  philofophy',  might  alfo  be  adduced  ; 
but  leaving  thefe  confiderations,  I  fhall  proceed 
to  enumerate  the  reafons  which  give  them,  in 
my  opinion,  a  decided  preference  over  every 
other  hind  of  mounting.* 


*  The  following  note  from  Mr.  Walker's  Eafy  Intrp- 

duaion  to  Geography,  in  favor  of  my  father's  globes,  wtll 

ryot  I  hope,  be  deemed  improper. 

o  Simplicity  and  pcrfpicui.y  Ihould  ever  be  flud.ed 
tv  thofe  who  cultivate  the  young  mind;  and  jarring, 
oonofmg,  or  equivocal  ideas  fhould  be  avoided  almoil 
Tmueh  as  error  or  falfebood.  Our  globes,  ..11  of  late 
vears.  were  equip,  with  an  hour  circle,  which  preven¬ 
ted  the  poles  from  Aiding  through  the  horizon ;  hence  the.r 

rea.ficatmn  was  generally  for  the  .uct  on  , 

in  dead  of  the  sun's  rcace  .»  .«  '  wh^£* 

rhe  globe  into  fo  unnatural  and  abfurd  a  pof.t.on  refpca.ng 
the  fun,  that  young  people  were  confounded  when  they 
compared  it  with  the  earth’s  pofttions  during  it  s  annna 
rotation  round  that  luminary,  and  confuting  the  horizon 

as  the  boundary  of  . day  and  night.  Being,  therefore,  omc 

times  obliged  to  reftify  for  the  place  on  the  earth,  and 
iometimes  for  the  fun's  place  in  the  ecliptic,  the  two  rules 

elafh  fo  unhappily  in  the  pupil’s  mind,  that  few  remem  tr 
a  finale  problem  a  twelvemonth  after  the  end  of  their  tui- 
G\ob?s,  therefore,  .with  the  horary  circle,  *re  but 
t"°n*  Uv  defenbed  in  this  treadle;  the  great  intention  of 
which*  is,  to  make  the  elevations  and  depreffions  oOhe 
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The  earth,  by  it's  diurnal  revolution  on  it’s 
axis,  is  carried  round  from  weft  to  eaft*  To 
reprefent  this  real  motion  of  the  earth,  and  to 
folve  problems  agreeable  thereto,  it  is  neceflary 
that  the  globe,  in  the  folution  of  every  problem, 
fhould  be  moved  from  west  to  east;  and  for 
this  purpofe,  that  the  divifions  on  the  large  brafs 
circle  ftiould  be  on  that  fide  which  looks  weft- 
ward.*  Now  this  is  the  cafe  in  my  father’s  mode 
of  mounting  the  globes,  and  the  tutor  can  there¬ 
by  explain  witheafe  the  rationale  of  any  problem 
to  his  pupil.  But  in  the  common  mode  of 
mounting,  the  globe  muft  be  moved  from  eaft 
to  weft,  according  to  the  Ptolemaic  fyftem  ;  and 
confcquently,  if  the  tutor  endeavours  to  {hew 
how  things  obtain  in  nature,  he  muft  make  his 
pupil  unlearn  in  a  degree  what  he  has  taught  him* 
and  bv  abftraftion  reverfe  the  method  he  has  in- 

ftrudted 

poles  of  a  teneflrial  globe  to  reprefent  all  the  fixations  the 
earth  is  in  to  the  fun,  for  every  day  or  hour  through  the 
year.  The  globes  of  Mr.  Adams  are  the  moft  favourable 
for  the  above  mode  of  reification  of  any  plates  we  have  at 
prefent ;  and  to  make  a  quiefeent  globe  to  reprefent  all  the 
pofilions  of  one  revolving  round  the  fun,  turning  on  an  in¬ 
clined  axis,  and  keeping  that  axis  altogether  parallel  to  it- 
felf,  his  globes  are  better  adapted  than  any,  I  believe,  m 
being.” 

*  See  the  Rev.  Mr.  Hutchins’s  New  Treatife  on  the  Globes, 
p,  3  ;  Adams’s  Treatife  on  the  Globes. 
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ftrudled  him  to  ufe  ;  a  practice  that  vvc  hope  will 
not  be  adopted  by  many. 

The  celeftial  globe  being  intended  to  re- 
prefent  the  apparent  motion  of  the  heavens, 
fhould  be  moved,  when  ufeo,  from  eaft  to  weft. 

Of  the  phaenomena  to  be  explained  by  the 
terrellrial  globe,  the  moft  material  are  thofe 
which  relate  to  the  changes  in  the  feafons ;  all 
the  problems  connedled  with,  or  depending  upon 
thefe  phaenomena,  are  explained  in  a  clear, 
familiar,  and  natural  manner,  by  the  globe, 
when  mounted  in  my  father’s  mode ;  for  on  rec¬ 
tifying  it  for  any  particular  day  of  the  month,  it 
immediately  exhibits  to  the  pupil  the  exadt  fitua- 
tion  of  the  globe  of  the  earth  for  that  day  ;  and 
while  he  is  folving  his  problem,  the  reafon  and 
foundation  of  it  prefents  itfeif  to  the  eye  and 
underdanding. 

The  globe  may  alfo  be  placed  w  ith  cafe  in  the 
poiition  of  a  right  fpherc,  a  circumftance  excecd- 
ingly  ufeful,  and  which  the  old  conftrudlion  of 
the  globes  did  not  admit  of. 

By  the  application  of  a  moveable  meridian, 
and  an  artificial  hojizon  connedled  with  it, 
it  is  eafy  to  explain  why  the  fun,  although  he 
be  always  in  one  and  the  fame  place,  appears 
to  the  inhabitants  of  the  earth  at  different  al¬ 
titudes,  and  in  different  azimuths,  which  cannot 
be  fo  readily  done  with  the  common  globes. 

On 


On  the  celeftial  globe  there  is  a  moveable  cir¬ 
cle  of  declination,  with  an  artificial  fun. 

The  brafs  wires  placed  under  the  globes,  ferve 
to  diflinguiih,  in  a  natural  and  fatisfaclory  man¬ 
ner,  twilight  from  total  darknefs,  and  the  reafon 
of  the  length  of  it’s  duration. 

The  next  point  wherein  they  materially  differ 
from  other  globes,  is  in  the  hour  circle.  Now  it 
mult  be  confcffed,  that  to  every  contrivance  that 
has  been  ufed  for  this  purpofe  there  is  fome  ob¬ 
jection,  and  probably  no  mode  can  be  hit  upon 
that  will  be  perfectly  free  from  them.  The  me¬ 
thod  adopted  by  my  father  appears  to  me  the 
lead  exceptionable,  and  to  poffefs  fome  advan¬ 
tages  over  every  other  method  I  am  acquainted 
with.  Agreeable  to  the  opinion  of  the  firft 
adronomers,  among  others  of  M.  de  la  Lande,  he 
ufes  the  equator  for  the  hour  circ  le,  not  only  as 
the  larged,  but  alfo  as  the  moll  natural  circle  that 
could  be  employed  for  that  purpofe,  and  by  which 
alone  the  folution  of  problems  could  be  obtained 
with  the  greated  accuracy.  As  on  the  terrefl rial 
globe,  the  longitude  of  different  places  is  rec¬ 
koned  on  this  circle ;  and  onthcceleftial,  the  right 
afeenfionof  the  ftars,  &c.  it  familiarizes  the  young 
pupil  with  them,  and  their  reduftion  to  time. 
This  method  docs  not  in  the  lead  impede  the 
motion  of  the  globe ;  but  while  it  affords  an 
$qual  facility  of  elevating  either  the  north  or 
fouth  pole,  it  prevents  the  pupil  from  placing 
6  them 


DESCRIPTION  and  use 


240 

them  in  a  wrong  Pofnion  J  whUc  thC  horiry 
wire  fecures  the  globe  from  falling  out  of  the 

frame.  .  , 

Another  circumftance  peculiar  to  thefe  globes, 

is  the  mode  of  fixing  the  compals.  It  is  felf- 
evident,  that  the  tutor,  who  is  willing  to  give 
correct  ideas  to  his  pupil,  Ihould  always  make 
him  keep  the  globes  with  the  north  pole  direc¬ 
ted  towards  the  north  pole  of  the  heavens,  and 
that  both  in  the  folution  of  problems,  and 
,he  'explanation  of  phenomena.  By  means  of 
the  compals,  the  .errellrial  globe  is  made  to  lup- 
pjy  the  purpofe  of  a  tellurian,  when  fiich  an  m- 
ftrument  is  not  at  hand.  1  cannot  terminate  this 
paragraph,  without  tcfiifying  my  difapproba- 
tion  of  a  mode  adopted  by  fome,  of  making 
the  globe  turn  round  upon  a  pin  in  the  pil¬ 
lar  on  which  it  is  fupported :  a  mode,  that 
while  it  can  g.ve  but  little  relief  to  indolence, 
is  lefs  firm  in  ifs  conftrucV.on,  and  tends  to 
introduce  much  confulion  in  the  mind  of  the 

PUP1^*  I 

In  order  to  prevent  that  confufion  ant  per¬ 
plexity  which  necefiarily  arifes  in  a  young 
mind,  when  names  are  made  ufe  of  which 
do  not  properly  characterize  the  fubjeCt,  my 
fither  found  it  necefTary,  with  Mr.  Hutchins, 
to  term  that  broad  wooden  circle  which  fup- 
ports  the  globe,  and  on  which  the  figns  of 
the  ecliptic  and  the  days  of  the  month  are 
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engraved,  the  broad  paper  circle,  inffead 
of  horizon,  by  which  it  had  been  heretofore 
denominated.  The  propriety  of  this  change  will 
be  evident  to  all  thofe  who  confider  that  this 
circle  in  fome  cafes  reprefents  that  which  divides 
light  from  darknefs,  in  others  the  horizon,  and 
fometimes  the  ecliptic.  For  fimilar  reafons,  he 
w  as  induced  to  call  the  brazen  circle,  in  which 
the  globes  are  fufpended,  the  strong  brass 
circle. 

In  a  word,  many  operations  may  be  performed 
by  thefe  globes,  which  cannot  be  folved  by 
thofe  mounted  in  the  common  manner  ;  w  hile  all 
that  they  can  folve  may  be  performed  by  thefe, 
and  that  with  a  greater  degree  of  perfpicuity ; 
and  many  problems  may  be  performed  by  thefe 
at  one  view,  which  on  the  other  globes  require 
fucceffive  operations. 

But  as  notwithffanding  their  fuperiority,  the 
difference  in  price  may  make  fome  perfons  prefer 
the  old  conffrudtion,  it  may  be  proper  to  inform 
them,  that  they  may  have  my  father’s,  or  Senex’s 
globes  mounted  in  the  old  maaner,  at  the  ufual 
prices. 


Q 
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part  ii. 


Containing  a  Description  op  the  Globes 
mounted  in  the  best  Manner;  together 

V/ITII  iOME  PRELIMINARY  DEFINITIONS. 


Definitions. 

BEFORE  we  begin  to  defcribe  the  globes,. 

it  will  be  proper  to  take  fome  notice  of  the 
properties  of  a  circle,  of  which  a  globe  may  be 
fa  i  d  to  be  conftituted. 

A  line  is  generated  by  the  motion  of  a  point. 
Let  there  be  fuppofed  two  points,  the  onp 
moveable,  the  other  fixed. 

If  the  moveable  point  be  made  to  move 
diredtly  towards  the  fixed  point,  it  will  generate 
in  it’s  motion  a  ftrait  line. 

If  a  moveable  point  be  carried  round  a  fixed 
point,  keeping  always  the  fame  diftance  from  it, 
it  will  generate  a  circle,  oi  fome  part  of  a  circle* 


and  the  fixed  point  will  be  the  center  of  that 
circle. 

All  firait  lines  going  from  the  center  to  the 
circumference  of  a  circle,  are  equal. 

Every  ftrait  line  thatpafles  through  the  center 
of  a  globe,  and  is  terminated  at  both  ends  by  it’s 
furface,  is  called  a  diameter. 

The  extremities  of  a  diameter  are  it’s  poles. 

If  the  circumference  of  a  femicirclebe  turned 
round  it’s  diameter,  as  on  an  axis,  it  will  generate 
a  globe,  or  fphere. 

The  center  of  the  femicirclc  will  be  the  cen¬ 
ter  of  the  globe ;  and  as  all  points  of  the  genera¬ 
ting  fcmicircle  are  at  an  equal  diftance  from  it’s 
center,  fo  all  the  points  of  the  furface  of  the 
generated  fphere  are  at  an  equal  difiance  from 
it’s  center. 

Description  of  tiie  Globes. 

There  are  two  artificial  globes  ;  on  the  furface 
of  one  of  them  the  heavens  are  delineated,  this 
is  called  the  celestial  globe.  The  other, 
on  which  the  furface  of  the  earth  is  deferibed,  isr 
called  the  terrestrial  globe. 

Fig.'  2,  plate  XIV.  reprefents  the  celeftial ; 
fig.  i,  plate  XIV.  the  terrefirial  globe,  as  moun¬ 
ted  in  my  father’s  manner. 

In  ufing  thecelefiial  globe,  we  are  to  confider 
ourfelves  as  tit  the  center. 

Qj*  In 
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In  ufing  the  terreflrial  globe,  wc  are  to  fup- 
pofe  ourfelves  on  fome  point  of  it's  surface. 

The  motion  of  the  terreflrial  globe  reprefents 
the  real  motion  of  the  earth. 

The  motion  of  the  celeflial  globe  reprefents 
the  apparent  motion  of  the  heavens. 

The  motion  therefore  of  the  celeflial  globe  is 
a  motion  from  east  to  west. 

But  the  motion  of  the  terreflrial  globe  is  a 
motion  from  west  to  east. 

On  the  furface  of  each  globe  feveral  cir¬ 
cles  are  defcribed,  to  every  one  of  which 
may  be  applied  what  has  been  faid  of  circles  in 
page  343. 

The  center  of  fome  of  thefc  circles  is  the  fame 
with  the  center  of  the  globe;  thefe  are,  by  way 
of  diftin&ion,  called  great  circles. 

Of  thefc  great  circles,  fome  are  graduated. 

The  graduated  circles  are  divided  into  360°, 
or  equal  parts,  90  of  which  make  a  quarter  of  a 
circle,  or  a  quadrant. 

Thofe  circles  whofe  centers  do  not  pafs  through 
the  center  of  the  globe,  are  called  lesser  cir¬ 
cles. 

The  globes  are  each  of  them  fufpended  at  the 
poles  in  a  ftrong  brafs  circle  NZ/ES,  and  turn 
therein  upon  two  iron  pins,  which  are  the  axis  of 
the  globe;  they  have  each  a  thin  brafs  fcmicircle 
N  H  S,  moveable  about  thefe  poles,  with  a  fmall 
thin  circle  H  Aiding  thereon  ;  It  is  quadra¬ 
ted 
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ted  each  way  to  90°  from  the  equator  to  either 
pole. 

On  the  terreftrial  globe  this  femicircle  is  a 
moveable  meridian.  It’s  fmall  Aiding  circle, 
which  is  divided  into  a  few  of  the  points  of  the 
mariner’s  compafs,  is  called  a  terrestrial  or 

VISIBLE  HORIZON. 

On  the  celeftial  globe,  this  femicircle  is  a 

MOVEABLE  CIRCLE  OF  DECLINATION,  and  it’s 

fmall  brafs  circle  an  artificial  fun,  or  planet. 

Each  globe  has  a  brafs  wire  circle  T  W  Y, 
placed  at  the  limits  of  the  crepufculum,  or  twi¬ 
light,  which,  together  with  the  globe,  is.  moun¬ 
ted  in  a  wooden  frame;  the  upper  part  B  C 
is  covered  with  a  broad  paper  circle,  whofe 
plane  divides  the  globe  into  two  hemifpheres,  and 
the  whole  is  fupported  by  a  neat  pillar  and 
claw,  with  a  magnetic  needle  in  a  compafs  box 
marked  M. 

A  Description  of  the  Circles  described  on 
the  broad  Paper  Circle  BC;  together 

WITH  A  GENERAL  ACCOUNT  OF  IT*S  USES. 

It  contains  four  concentric  circular  fpaces,  the 
innermoft  of  which  is  divided  into  360°,  and 
numbered  into  four  quadrants,  beginning  at 
the  caft  and  weft  points,  and  proceeding  each 
w  ay  to  90°,  at  the  north  and  fouth  points  ;  thefe 
3rc  the  four  cardinal  points  of  the  horizon. 

Qj  The 
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The  fecond  circular  fpacc  contains,  at  equal 
diftances,  the  thirty-two  points  of  the  mariner’s 
compafs.  Another  circular  fpace  is  divided  into 
twelve  equal  parts,  reprefenting  the  twelve  figns 
of  the  zodiac ;  thefe  are  again  fubdivided  into  30 
degrees  each,  between  which  are  engraved  their 
names  and  characters.  This  fpace  is  connected 
with  a  fourth;  which  contains  the  calendar  of 
months  and  days,  each  day  on  the  18  inch  globes 
being  divided  into  four  parts,  exprefling  the  four 
cardinal  points  of  the  day,  according  to  the  Julian 
reckoning  j  by  which  means,  the  funs  place  is 
very  nearly  obtained  for  the  common  years  after 
biffextile,  and  the  intercalary  day  is  inferted 
without  confuflon. 

Inallpofltionsofthc  celeftial  globe,  this  broad 
paper  circle  reprefents  the  plane  of  the  horizon, 
and  diftinguiflies  the  vifible  from  the  invihble 
part  of  the  heavens;  but  in  the  terres¬ 
trial  GLOBE  IT  IS  APPLIED  TO  THREE  DIFFE¬ 
RENT  USES. 

! .  To  diftinguilh  the  points  of  the  horizon  ;  in 
this  cafe  it  reprefents  the  rational  horizon  of  any 


place. 

2.  It  is  ufed  to  reprefent  the  circle  of  illumina¬ 
tion,  or  that  circle  which  feparates  day  from 


night. 

3.  It  occafionally  reprefents 


the  ecliptic. 


OIF  THE  GLOBES. 


2-17 


Of  the  strong  Brass  Circle  N  JE  Z  Si- 

One  fide  of  this  ftrong  brafs  circle  is  gradua¬ 
ted  into  four  quadrants,  each  containing  90 
degrees. 

The  numbers  on  two  of  thefe  quadrants  iii- 
creafe  from  the  equator  towards  the  poles  ;  the 
other  two  increafe  from  the  pole  towards  the 
equator. 

Two  of  the  quadrants  are  numbered  from  the 
equator,  to  (hew  the  difiance  of  any  point  on  the 
globe  from  the  equator.  The  other  two  are  num¬ 
bered  from  the  poles,  for  the  more  ready  fetting 
the  globe  to  the  latitude  of  any  place. 

The  ftrong  brafs  circle  of  the  celeftial  globe  is 
called  the  meridian,  becaufe  the  center  of  the  fun 
comes  dire£tly  under  it  at  noon. 

But  as  there  are  other  circles  on  the  terreftrial 
globe,  which  arc  called  meridians,  weehufe  to 
denominate  this  the  strong  brass  circle,  or 

MERIDIAN. 

The  graduated  fide  of  the  ftrong  brafs  circle 
that  belongs  to  the  terreftrial  globe,  lhould  face 
the  west. 

The  graduated  fide  of  the  ftrong  brazen  me¬ 
ridian  of  th£  celeftial  globe  fhould  face  the  east. 

On  the  ftrong  brafs  circle  of  the  terreftrial 
globe,  and  at  about  234  degrees  on  each  fide  of 
the  north  pole,  the  days  of  each  month  are  laid 
down  according  to  the  declination  of  the  fun. 

0.4  0f 
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Of  the  Horary  Circles,  anb  their  Indices, 

When  the  globes  are  mounted  in  my  father’s 
manner,  we  ufe  the  equator  as  the  hour  circle  ; 
becaufe  it  is  not  only  the  moft  natural,  but  alfo 
the  largeft  circle  that  can  be  applied  for  that 
purpofe. 

To  make  this  circle  anfwer  the  purpofe,  a  femi- 
circular  wire  is  placed  over  it,  carrying  two 
indices,  one  on  the  eaft,  the  other  on  the  weft 
fide  of  the  ftrong  brafs  circle. 

As  the  equator  is  divided  into  360°,  or  24 
hours,  the  time  of  one  entire  revolution  of  the 
earth  or  heavens,  the  indices  will  fhew  in  what 
fpace  of  time  any  part  of  fuch  revolution  is  made 
among  the  hours  which  are  graduated  below  the 
degrees  of  the  equator  on  either  globe. 

As  the  motion  of  the  terreftrial  globe  is  from 
weft  to  eaft,  the  horary  numbers  increafe  accor¬ 
ding  to  the  dire&ion  of  that  motion;  on  the  ce- 
leftial  glohe  they  increafe  from  the  eaft  to  the 
weft. 

Of  the  Quadrant  of  Altitude,  Z  A. 

It  is  a  thin,  narrow,  flexible  flip  of  brafs,  that 
will  bend  to  the  furfaceofthe  globe  ;  it  has  a  nut, 
w  ith  a  fiducial  line  upon  it,  which  may  be  readily 
applied  to  the  divifions  on  the  ftrong  brafs  me¬ 
ridian  of  either  globe.  Ose  edge  of  the  quadrant 
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is  divided  into  90  degrees,  and  the  divisions  are 
continued  to  18  degrees  below  the  horizon. 

pF  some  of  the  Circles  that  are  described 
upon  the  Surface  of  each  Globe. 

We  may  fuppofe  as  many  circles  to  be  deferi- 
bed  on  the  furface  of  the  earth  as  we  plcafe,  and 
conceive  them  to  be  extended  to  the  fphere  of 
the  heavens,  marking  thereon  concentric  cir¬ 
cles.  For  as  we  are  obliged,  in  order  to  dil- 
tinguiih  one  place  from  another,  to  appropriate 
names  to  them,  fo  are  we  obliged  to  uie  dif¬ 
ferent  circles  on  the  globes,  to  diftingmlh 
the  parts,  and  their  feveral  relations  to  each 
other. 

Of  the  Equator,  or  Equinoctial. 

It  goes  round  the  globe  exadtly  in  the  mid¬ 
dle,  between  the  two  poles,  from  which  it 
always  keeps  at  the  fame  diftance;  or  in  other 
words,  it  is  every  where  90  degrees  diftant 
fr0m  each  pole,  and  is  therefore  a  boundary, 
feparating  the  northern  from  the  fouthern  hemi- 
fphere;  hence  it  is  frequently  called  the  line 
by  failors,  and  when  they  fail  over  it  they  arc 
faid  to  crofs  the  line. 

It  is  that  circle  in  the  heavens,  in  which  the 
fun  appears  to  move  on  thofe  two  days,  the  one 
in  the  fpring,  the  other  in  the  autumn,  when  the 
days  and  nights  are  of  an  equal  length  all  over 
■  '  the 
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the  world ;  and  hence  on  the  celeftial  globe  it  is 
generally  called  the  equinoctial. 

It  is  graduated  into  360  degrees.  Upon  the 
terreftrial  globe  the  numbers  increafe  from  the 
meridian  of  London  weftward,  and  proceed 
quite  round  to  360.  They  are  alfo  numbered 
from  the  fame  meridian  eaftward,  by  an  upper 
row  of  figures,  to  accommodate  thofc  who  ufe 
xhe  Englilh  tables  of  latitude  and  longitude. 

On  the  celeftial  globe,  the  equatorial  degrees 
are  numbered  from  the  firft  point  of  Aries  eaft- 
u  ard,  to  360  degrees. 

Under  the  degrees  on  either  globe  is  gradua¬ 
ted  a  circle  of  hours  and  minutes.  On  the 
celeftial  globe  the  hours  increafe  eaftward,  from 
Aries  to  XII  at  Libra,  where  they  begin  again 
in  the  fame  direction,  and  proceed  to  XII  at 
Aries.  But  on  the  terreftrial  globe,  the  horary 
numbers  increafe  by  twice  twelve  hours  weft- 
ward  from  the  meridian  of  London  to  the  fame 
again. 

In  turning  the  globe  about,  the  equator  keeps 
always  under  one  point  of  the  ftrong  brafs  me¬ 
ridian,  from  which  point  the  degrees  on  the 
faid  circle  are  numbered  both  ways. 

Of  the  Ecliptic. 

The  graduated  circle,  which  croftes  the  equa¬ 
tor  obliquely,,  forming  with  it  an  angle  of  about 
23I  degrees,  is  called,  the  ecliptic. 

This* 
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This  circle  is  divided  into  1 2  equal  parts, 
each  of  w  hich  contains  30  degrees.  The  be¬ 
ginning  of  each  of  thefe  30  degrees  is  marked 
w  ith  the  characters  of  the  1 2  figns  of  the  zodiac. 

The  fun  appears  always  in  this  circle;  he  ad¬ 
vances  therein  every  day,  nearly  a  degree,  and 
goes  through  it  exactly  in  a  year. 

The  points  where  this  circle  croffcs  the  equa¬ 
tor  are  called  the  equinoctial  points.  The 
one  is  at  the  beginning  of  Aries,  the  other  at 
the  beginning  of  Libra. 

Jhe  commencement  of  Cancer  and  Capri¬ 
corn  are  called  the  solstitial  points. 

The  twelve  figns,  and  their  degrees,  are  laid 
down  on  the  terreftrial  globe;  but  upon  thcce- 
leftial  globe,  the  days  of  each  month  are  gra¬ 
duated  juft  under  the  ecliptic. 

The  ecliptic  belongs  principally  to  the  cclef- 
tial  globe. 
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ESSAY  ir. 

PART  III. 

TheUse  of  theTerrestrialGlobe, 
mounted  in  the  best  Manner. 

Of  Longitude  and  Latitude,  and  of 
Terrestrial  Meridians. 

MERIDIANS  are  circular  lines,  going 
over  the  earth’s  furface,  from  one  pole  to 
the  other,  and  eroding  the  equator  at  right  an¬ 
gles. 

Whatever  places  thefe  circular  lines  pafs 
through,  in  going  from  pole  to  pole,  they  are 
the  meridians  of  thofe  places. 

There  are  no  places  upon  the  furface  of  the 
earth,  through  which  meridians  may  not  be 
conceived  to  pafs.  Every  place,  therefore,  is 
fuppofed  to  have  a  meridian  line  palling  over 
it  s  zenith  from  north  to  louth,  and  going 
through  the  poles  of  the  world. 

Thus  the  meridian  of  Paris  is  one  meridian ; 
the  meridian  of  London  is  another.  This 
variety  of  meridians  is  fatisfaclorily  reprefented 
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on  the  globe,  by  the  moveable  meridian,  which 
may  be  fet  to  every  individual  point  of  the 
equator,  and  put  directly  over  any  particular 
place. 

Whenfoever  we  move  towards  the  eaft  or 
w  eft,  we  change  our  meridian  ;  but  we  do  not 
change  our  meridian  if  we  move  diredlly  to  the 
north  or  fouth. 

The  moveable  meridian  fhews  that  the  poles 
of  the  earth  divide  every  meridian  into  two 
femicircles,  one  of  which  pailes  through  the 
place  whofe  meridian  it  is,  the  other  through  a 
point  on  the  earth,  oppofite  to  that  place. 

Hence  it  is,  that  writers  in  geography  and 
aftronomy  generally  mean  by  the  meridian  of 
any  place  the  semicircle  which  pafles  through 
that  place ;  thefe,  therefore,  may  be  called  the 
geographical  meridians. 

All  places  lying  under  the  fame  femicircle, 
.arc  faid  to  have  the  fame  meridian  ;  and  the 
femicircle  oppofite  to  it  is  called  the  oppofite 
meridian,  or  fometimes  the  oppofite  part  of  the 
meridian. 

From  the  foregoing  definitions,  it  is  clear  that 
the  meridian  of  any  place  is  immoveably  fixed 
to  that  place,  and  is  carried  round  along  writh  it 
by  the  rotation  of  the  globe. 

When  the  meridian  of  any  place  is  by  the 
revolution  of  the  earth  brought  to  point  at  the 
fun,  it  is  noon,  or  mid-day,,  at  that  place. 
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The  plarle"  of  the  meridian  of  any  place  may 
be  imagined  to  be  extended  to  the  fphere  of  the 
fixed  ftar s. 

When,  by  the  motion  of  the  earth,  the'  plane 
of  a  meridian  comes  to  any  point  in  the  hea¬ 
vens,  as  the  fun,  moon,  &c.  that  point,  &c.  is 
then  faid  to  come  to  the  meridian.  It  is  in 
this  fenfe  that  we  generally  ufe  the  expreffion 
of  the  fun  or  liars  coming  to,  or  palling  over 
the  meridian. 

The  time  which  elapfes  between  the  noon  of 
any  one  day  in  a  given  place,  and  the  noon  of 
the  day  following  in  the  fame  place,  is  called  a 
natural  day. 

All  places  which  lie  under  the  fame  meridian, 
have  their  noon,  and  every  other  hour  of  the 
natural  day,  at  the  fame  time.  Thus  when  it 
is  one  in  the  afternoonat  London,  it  is  alfo  one 
in  the  afternoon  to  every  place  under  the  meri¬ 
dian  of  London. 

In  order  to  aftertain  the  lituation  of  any 
point,  there  mull  firlt  be  a  fettled  part  of  the 
earth’s  furface,  from  which  to  meafure  ;  and 
as  the  point  to  be  afcertained  may  lie  in  any 
part  of  the  earth’s  furface,  and  as  this  furface  is 
fpherical,  the  place  from  whence  we  meafure 
mull  be  a  circle.  It  would  be  necelfary,  how- 
ever,  to  ellablifh  two  fuch  circles,  one  to  know 
h0vy3far  any  place  may  be  eall  or  well  of  ano¬ 
ther,  the  fccond  to  know  it’s  dillancc  north  or 
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fouth  of  the  given  point,  and  thus  determine  it’s 
precife  fituation. 

Hence  it  has  been  cuftomary  for  geographers 
to  fix  upon  the  meridian  of  fome  remarkable 

place,  AS  A  FIRST  MERIDIAN,  OR  STANDARD;  and 

to  reckon  the  diftance  of  any  place  to  the  eaft  or 
weft,  or  it's  longitude,  by  it’s  diftance  from  the 
firft  meridian.  On  EngUfts  globes,  this  fir  ft  me¬ 
ridian  is  made  to  pafs  through  London.  The 
pofition of  this  firft  meridian  is  arbitrary,  becaufe 
on  a  globe,  properly  fpeaking,  there  is  neither 
beginning  nor  end.  The  firft  perfon  (whofe 
works  at  leaft  are  come  down  to  us)  who  com¬ 
puted  the  diftance  of  places  by  longitudes  and 
latitudes  was  Ptolemy,  about  the  year  after 
Chrift,  140. 

The  longitude  or  any  place  is  it’s  diftance 
from  the  firft  meridian,  meafured  by  degrees  on 
the  equator. 

To  find  :he  longitude  of  a  place,  is  to  find 
what  degree  on  the  equator  the  meridian  of  that 
place  croffes. 

All  places  that  lie  under  the  fame  meridian, 
are  faid  to  have  the  fame  longitude ;  all  places 
that  lie  under  different  meridians,  are  faid  to  have 
different  longitudes ;  this  difference  may  be  caff: 
or  weft,  and  confcquently  the  difference  of  lon¬ 
gitude  between  any  two  places,  is  the  diftance  of 
their  meridians  from  each  other  meafured  on  the 
equator.  4 

Thus 
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Thus  if  the  meridian  of  any  place  cuts  the 
equator  in  a  point,  which  is  fifteen  degrees  eaft 
from  that  point,  where  the  meridian  of  London 
cuts  the  equator,  that  place  is  faid  to  differ  from 
London  in  longitude  15  degrees  eaflward. 

Upon  the  terreftrial  globe  there  are  24  me* 
ridians,  dividing  the  equator  into  24  equal  parts, 
which  are  the  hour  circles  of  the  places  through 
which  they  pafs. 

The  diftance  of  thefe  meridians  from  each 
other  is  15  degrees,  or  the  24th  part  of  360  de¬ 
grees  ;  thus  1 5  degrees  is  equal  to  one  hour. 

By  the  rotation  of  the  earth,  the  plane  of  every 
meridian  points  at  the  fun,  one  hour  after  that 
meridian  which  is  next  to  it  eaftward  ;  and  thus 
they  fuccefiively  point  at  the  fun  every  hour,  fo 
that  the  plane  of  the  24  meridian  femicircles 
being  extended,  pafs  through  the  fun  in  a  natural 
day. 

To  Uluftrate  this,  fuppofe  the  plane  of  the 
flrong  brafs  meridian  to  coincide  with  the  fun, 
bring  London  to  this  meridian,  and  then. move 
the  globe  round,  and  you  will  find  thefe  24  me¬ 
ridians  fucccffively  pafs  under  the  flrong  brafs 
meridian,  at  one  hour's  diftance  from  each  other ; 
till  in  24  hours  the  earth  will  return  to  the  fame 
fituation,  and  the  meridian  of  London  will  again 
coincide  with  the  ftrong  brafs  circle. 

By  pafiing  the  globe  round,  as  in  the  foregoing 
article,  it  will  be  evident  to  tfie  pupil,  that  if  one 
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of  thefe  meridians,  15  degrees  ea ft  of  London, 
comes  to  the  ftror.g  brafs  meridian,  or  points  at 
the  fun  one  hour  fooner  than  the  meridian  of 
London,  a  meridian  that  is  30  degrees  eaft  comes 
two  hours  fooner,  and  fo  on ;  and  confequently 
they  will  have  noon,  and  every  other  hour,  fo 
much  fooner  than  at  London :  while  thofe,  whofe 
meridian  is  1 5  degrees  weftward  from  London, 
will  have  noon,  and  every  other  hour  of  the  day, 
one  hour  later  than  at  London,  and  fo  on,  in 
proportion  to  the  difference  of  longitude.  Thefe 
definitions  being  well  underftood,  the  pupil  will 
be  prepared  not  only  to  folvc,  but  fee  the  ratio¬ 
nale  of  the  following  problems, 

problem  1. 

To  find  the  longitude  of  any  place  on  the  globe. 

The  reader  will  find  no  difficulty  in  folving  this 
problem,  if  he  recolleds  the  definition  we  have 
given  of  the  word  longitude,  namely,  that  it  is 
the  diftance  of  any  place  from  the  firft  meridian 
meafured  on  the  equator.  Therefore,  either  fet 
the  moveable  meridian  to  the  place,  or  bring  the 
place  under  the  ftrong  brafs  meridian,  and  that 
degree  of  the  equator,  which  is  cut  by  either  of 
thefe  brazen  meridians,  is  the  longitude  in  de¬ 
grees  and  minutes,  or  the  hour  and  minute  of  it’s 
longitude,  exprdled  in  time. 

As  the  given  place  may  lie  either  eaft  or  weft 
R  of 
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of  the  firfl:  meridian,  the  longitude  may  be  ex- 
p  relied  accordingly. 

It  appears  raoft  natural  to  reckon  the  longitude 
always  weftwa#d  from  the  firft  meridian  ;  but  it 
rs  cuftomary  to  reckon  one  half  round  the  globe 
eaft  ward,  and  the  other  half  we  ft  ward  from  the 
hrft  meridian.  To  accommodate  thofe  who  may 
prefer  either  of  thefc  plans,  there  are  two  fets  of 
numbers  on  our  globes :  the  numbers  neareft  the 
equator  incrcafe  weftward,  from  the  meridian  of 
London  quite  round  the  globe  to  360®,  over 
•which  another  fet  of  numbers  is  engraved,  which 
increafe  the  contrary  way  ;  fo  that  the  longitude 
may  be  reckoned  upon  the  equator,  either  eaft 
or  weft. 

Example.  Bring  Bofton,  in  New  England,  to 
the  graduated  edge  of  either  the  ftrong  brafs,  or 
of  the  moveable  meridian,  and  you  will  find  it’s 
langitude  in  degrees  to  be  70I,  or  4  h.  42  min. 
in  time  ;  Rome  i2i  degrees  eaft,  or  50  min.  in 
time;  Charies-Town,  North  America,  is  79 deg. 
50  min.  freft. 


problem  it. 

To  find  the  difference  of  longitude  between  astf 
two  places. 

If  the  pupil  underftands  what  is  meant  by  the 
difference  of  longitude,  the  rule  for  the  folution  of 
this  problem  will  naturally  occur  to  his  mind. 

Now 
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Now  the  difference  oflongitude  between  any  two 
places  is  the  quantity  of  an  angle  (at  the  pole) 
made  by  the  meridians  of  thofe  places  meafured 
on  the  equator.  To  exprefs  this  angle  upon  the 
globe,  bring  the  moveable  meridian  to  one  of  the 
places,  and  the  other  place  under  the  ft rong  brafs 
circle,  and  the  required  angle  is  contained  be¬ 
tween  thefe  two  meridians,  the  meafurc  or  quan¬ 
tity  of  w  hich  is  to  be  counted  on  the  equator. 

Example.  I  find  the  longitude  of  Rome  to 
be  1 2-t  caft,  that  of  Conftantinople  to  be  29,  the 
difference  is  172.  degrees.  Again,  I  find  Jerufa- 
lem  has  35  deg.  25  min.  caft  longitude  from 
London ;  and  Pekin,  in  China,  1 1 6  deg.  52  min., 
eaft  longitude;  the  difference  is  81  deg.  27  min.; 
that  is,  Pekin  is  81  deg.  27  min.  eaft:  longitude 
from  Jerufalem ;  or  Jerufalem  is  81  deg.  27  min. 
weft  longitude  from  Pekin. 

I  f  one  place  is  eaft,  and  the  other  weft  of  the 
firft  meridian,  either  find  the  longitude  of  both 
places  weftward,  by  that  fet  of  numbers  which 
mcreafe  weftward  from  the  meridian  of  London 
to  360  deg.  and  the  difference  between  the  num¬ 
ber  thus  found  is  the  anfwer  to  the  queftion  : — or, 
add  the  eaft  and  weft  longitudes,  and  the  fum 
'is  the  difference  of  longitude;  thus  the  longitude 
°f  Rome  is  12  deg.  30  min.  eaft,  of  Charles¬ 
town  79  deg.  50  min.  weft;  their  fum,  91  deg. 
20  min.  is  the  difference  required. 
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It  may  be  proper  to  obferve  here,  that  the 
difference  in  time  is  the  fame  with  the  difference 
of  longitude,  confequently  that  fome  of  the  fol¬ 
lowing  problems  are  only  particular  cafes  of  this 
problem,  or  readier  modes  of  computing  thi3 
difference. 

PROBLEM  III. 

To  find  all  thofe  places  where  it  is  noon,  at  any 
given  hour  of  the  day,  in  another  place ;  or 
in  other  words,  (which  may  condudt  the  reader 
to  the  rationale  of  it’s  folution)  to  find  what 
places  have  the  fun  upon  their  meridian,  at 
any  given  hour  of  the  day,  in  another  propofed 
place. 

As  the  diurnal  motion  of  the  earth,  here  re- 
prefented  by  the  terrcftrial  globe,  is  from  w  eft 
to  eaft,  it  is  plain  that  all  places  which  are  to 
the  eaft  of  any  particular  meridian,  muft  neeef- 
farily  pafs  by  the  fun,  before  a  meridian  which 
is  to  the  w  eft  of  them  can  arrive  at  it. 

We  fhall,  therefore,  divide  this  problem  into 
three  cafes. 

1.  When  the  given  hour  is  at  London. 

2.  When  the  given  hour  is  in  the  morning, 
and  any  w  here  but  at  London. 

o .  When  the  given  hour  is  in  the  afternoon, 
but  not  at  London. 


i.  When 
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When  the  given  hour  is  at  London, 

As  the  firft  meridian  on  our  globes  pafles 
through  London,  bring  the  given  hour  to  the 
eaft  of  London,  if  it  be  in  the  morning,  to  the 
ftrong  brafs  meridian, and  all  thofe  places  which 
are  under  it  will  have  noon  at  the  given  hour; 
but  bring  the  given  hour  well  of  London,  if  it 
be  in  the  afternoon. 

Example.  Let  it  be  required  to  know*  in 
what  places  it  is  XII  o’clock,  when  it  is  ten  in 
the  morning  at  London.  'therefore,  bring  that 
Xth  hour  on  the  equator,  which  is  to  the  eaft- 
v,  ard  of  London,  under  the  ftrong  brafs  meri¬ 
dian,  and  the  places  that  arc  under  it’s  gradu¬ 
ated  edge  will  have  the  fun  upon  their  meridian 
w  hen  it  is  ten  in  the  morning  at  London.  Sup- 
pofe  the  given  hour  at  London  to  be  three 
o’clock,  then  bring  that  hour  on  the  equator 
which  is  weftward  of  London,  to  the  ftrong 
brafs  meridian,  and  thofe  places  which  lie  under 
it  will  have  noon  when  it  is  three  in  the  after¬ 
noon  at  London. 

2.  If  the  given  hour  be  in  the  after¬ 
noon,  but  not  at  London. 

Bring  the  given  place  to  the  ftrong  brafs  me¬ 
ridian,  and  let  one  of  the  hour  indexes  to  that 
XII  which  is  moft  elevated ;  then  turn  the 
globe  from  west  to  east,  till  the  index  points 
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to  the  given  hour,  and  the  ftrong  brafs  meri¬ 
dian  will  pafs  over  thofe  places  which  have  noon 
at  the  given  hour  in  the  propofed  place. 

Let  the  hour  propofed  be  IV  o’clock  in  the 
afternoon,  at  Port-Royal,  in  Jamaica.  Bring 
Port-Royal  to  the  ftrong  brafs  meridian,  and  fet 
the  hour  index  to  the  moft  elevated  XII ;  turn 
the  globe  from  w  eft  to  eaft,  until  the  horary  in¬ 
dex  points  to  IV  o’clock,  and  the  ftrong  brafs 
meridian  will  pafs  over  thofe  places  which  have 
noon  at  the  given  hour  in  Jamaica. 

3.  If  the  given  hour  be  in  the  morning, 

BUT  NOT  AT  LONDON. 

Bring  the  given  place  to  the  ftrong  brafs 
meridian  ;  fet  the  hour  index  to  the  uppermoft 
XII,  and  turn  the  globe  from  east  to  west, 
until  the  hour  index  points  to  the  given  hour ; 
then  the  required  places  are  under  the  ftrong 
brafs  meridian.  Let  the  given  hour  be  30 min. 
paft  V  at  Cape  Pafaro,  in  the  ifland  of  Sicily : 
bring  Pafaro  to  the  meridian,  fet  the  hour  index 
to  the  moft  elevated  XII,  then  move  the  globe 
weft  w  ard,  till  the  hour  index  points  to  30  min. 
paft  V,  and  the  places  under  the  ftrong  brafs 
meridian  will  have  noon  when  it  is  30  min.  paft 
V  in  the  afternoon  at  Pafaro,  in  Sicily. 
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PROBLEM  IV. 

When  it  is  noon  at  any  place,  to  find  what  hour 
of  the  day  it  is  at  any  other  place. 

Rule.  Bring  the  place  at  which  it  is  noon* 
to  the  ft rong  brafs  meridian,  and  fet  the  hour  \ 

index  to  the  uppcrmoft  XII*  and  then  turn  the 
globe  about  till  the  other  place  comes  under  the 
ftrong  brafs  meridian,  and  the  hour  index  w  ill 
fticw  upon  the  equator  the  required  hour. 

If  to  the  eaftward  of  the  place  where  it  is 
noon,  the  hour  found  will  be  in  the  afternoon j 
if  to  the  weftward,  it  will  be  in  the  forenoon. 

Thus  w  hen  it  is  noon  at  London,  it  is  50  min. 
paft  XII  at  Rome;  32  min.  paft  VII  in  the  ||l 

evening  at  Canton,  in  China  ;  1 5  min.  paft  VII 
in  the  morning  at  Quebec,  in  Canada. 

PROBLEM  V. 

At  any  given  hour  in  the  place  where  you  are, 
to  fin'd  the  hour  at  any  place  propofed ;  or  in 
other  words,  the  hour  w  here  you  are  being 
given,  to  tell  w  hat  hour  it  is  in  any  other  part 
of  the  world. 

Rule.  Bring  the  propofed  place  under  the 
ftrong  brafs  meridian,  fet  the  hour  index  to  the 
given  time,  then  turn  the  globe,  till  the  place 
where  you  arc  is  under  the  brafs  meridian,  and 
Jthe  horary  index  will  point  to  the  hour  required. 

Thus  fuppofe  we  are  at  London  at  IX  o’clock 
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in  the  morning,  what  is  the  time  at  Canton,  in 
China?  Anfwer,  31  min.  paft  IV  in  the  after¬ 
noon.  When  it  ii  IX  in  the  evening  at  Lon¬ 
don,  it  is  about  1 5  min.  paft  IV  in  the  afternoon 
at  Quebec,  in  Canada. 

Of  Latitude. 

We  have  already  obferved,  that  the  equator 
divides  the  globe  into  two  hemifpheres,  the 
northern  and  the  fouthern. 

The  latitude  of  a  place  is  it’s  diftance  from 
the  equator  towards  the  north  or  fouth  pole, 
meafured  by  degrees  upon  the  meridian  of  the 
place. 

All  places,  therefore,  that  lie  under  the  equa¬ 
tor,  are  faid  to  Have  no  latitude. 

All  other  places  upon  the  earth  are  faid  to  be 
in  north  or  fouth  latitude,  as  they  are  fttuated 
on  the  north  or  fouth  fide  of  the  equator ;  and 
the  latitude  of  any  place  will  be  greater  or  lefs, 
according  as  it  is  further  from,  or  nearer  to  the 
equator. 

Lines  which  keep  always  at  the  fame  diftance 
from  each  other,  are  called  parallels. 

If  a  circle,  or  circular  line,  be  conceived 
keeping  at  the  fame  diftance  from  the  equator, 
it  will  be  a  parallel  to  the  equator. 

Circles  of  this  kind  are  commonly  drawn  on 
the  terreftrial  globe,  on  both  fidesof  the  equator. 

A  circle  of  this  kind  at  10  degrees  from  the 
equator,  is  called  a  parallel  of  10  degrees. 

When. 
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When  any  fuch  parallel  paffcs  through  tw  o 
places  on  the  globe’s  furface,  thofe  two  places 
have  the  fame  latitude. 

Hence  parallels  to  the  equator  are  called 
parallels  of  latitude. 

There  are  four  principal  leficr  circles  parallel 
to  the  equator,  which  divide  the  globe  into  five 
unequal  parts,  called  zones. 

The  circle  on  the  north  fide  of  the  equator  is 
called  the  tropic  of  cancer;  it  juft  touches  the 
north  part  of  the  ecliptic,  and  fnews  the  path 
the  fun  appears  to  deferibe,  the  longeft  day  in 
fummer. 

That  which  is  on  the  fouth  fide  of  the  equa¬ 
tor,  is  called  the  tropic  of  capricorn  ;  it  juft 
touches  the  fouth  part  of  the  ecliptic,  and  lliev  s 
the  path  the  fun  appears  to  deferibe,  the  fhorteft 
day  in  winter. 

The  fpace  between  thefe  two  tropics,  which 
contains  about  47  degrees,  was  called  by  the  an¬ 
cients,  the  torrid  zone. 

The  two  polar  circles  are  placed  at  the  fame 
diftance  from  the  poles,  that  the  two  tropics  arc 
from  the  equator. 

One  of  thefe  is  called  the  northern,  the 
Other  the  southern  polar  circle. 

Thefe  include  231  degrees  on  each  fide  of 
their  rcfpediive  poles,  and  confequently  contain 
47  degrees,  equal  to  the  number  of  degrees  in¬ 
cluded  between  the  tropic*. 
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The  fpace  contained  within  the  northern  polar 
circle,  was  by  the  ancients  called  the  north 
frigid  zone;  and  that  within  the  fouthem 
polar  circle,  the  south  frigid  zone. 

The  fpaces  between  either  polar  circle,  and 
it’s  ncarelt  tropic,  which  contain  about  43  de¬ 
grees  each,  were  called  by  the  ancients  the  two 

TEMPERATE  ZONES. 

PROBLEM  VI. 

To  find  the  latitude  of  any  place. 

If  the  pupil  comprehends  the  foregoing  defi¬ 
nition,  he  will  find  no  difficulty  in  the  folution 
of  this  and  fome  of  the  following  problems. 

Rule.  Bring  the  place  to  the  graduated  fide 
of  the  ftrong  brafs  meridian,  and  the  degree 
which  is  over  it  is  the  latitude.  Thus  London 
will  be  found  to  have  51  deg.  32  min.  north 
latitude ;  Gonftantinople  41  deg.  north  latitude; 
and  the  Cape  of  Good  Hope  34  deg.  fouth 
latitude. 


PROBLEM  VII. 

To  find  all  thofc  places  which  have  the  fame 
latitude  with  any  given  place. 

Suppofe  the  given  place  to  be  London  ;  turn 
the  globe  round,  and  all  thofe  places  which  pafs 
under  the  fame  point  of 'the  firong  brafs  meri¬ 
dian,  are  in  the  fame  latitude. 


PROBLEM 
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PROBLEM  VIII. 

To  find  the  difference  of  latitude  between  two 
places. 

Rule.  If  the  places  be  in  the  fame  hemi- 
fphere,  bring  each  of  them  to  the  meridian*and 
fubtradt  the  latitude  of  one  from  the  other.  If 
they  are  in  different  hemifpheres,  add  the  lati¬ 
tude  of  one  to  that  of  the  other. 

Example.  The  latitude  of  London  is  5 1  deg. 
3,2  min.;  that  of  Conftantinoplc  41  deg.;  their 
difference  is  10  deg.  32  min.  Of  the  difference 
between  London,  51  deg.  32  min.  north,  and 
the  Cape  of  Good  Hope,  34  deg.  fouth,  is  *>4 
deg.  32  min. 

PROBLEM  IX. 

The  latitude  and  longitude  of  any  place  being 
known,  to  find  that  place  upon  the  globe;  or 
if  the  place  be  not  inferted  on  the  globe,  to 
find  where  it  ought  to  be  placed,  and  fix  the 
center  of  the  artificial  horizon  thereto. 

Rule.  Seek  for  the  given  longitude  in  the 
equator,  and  bring  the  moveable  meridian  to  that 
point;  then  count  from  the  equator  on  the  me¬ 
ridian,  the  degree  of  latitude  either  towards  the 
north  or  fouth  pole,  and  bring  the  artificial  hori¬ 
zon  to  that  degree,  and  the  interfe&ion  of  it’s 
edge  with  the  meridian,  is  the  fituation  required. 

Example. 
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Example.  The  latitude  of  Smyrna,  in  Alia, 
is  38  deg.  28  min.  north;  it’s  longitude  27  deg. 
30  min.  eaft  of  London  ;  therefore,  bring  27 
deg.  30  min.  counted  eaftward  on  the  equator, 
to  the  moveable  meridian,  and  Hide  the  diame¬ 
ter  #f  the  artificial  horizon  to  38  deg.  28  min. 
north  latitude,  and  it’s  center  will  be  corre&ly 
placed  over  Smyrna. 

It  may  be  proper  in  this  place  juft  to  llievv 
the  pupil,  that  the  latitude  of  any  place  is 

ALWAYS  EQUAL  TO  THE  ELEVATION  OF  THE  POLE 
OF  THE  SAME  PLACE  ABOVE  THE  HORIZON.  The 

reafon  of  this  is,  that  from  the  equator  to  the 
pole  is  90  degrees,  from  the  zenith  to  the  hori¬ 
zon  is  alfo  90  degrees;  the  diftance  of  the 
zenith  to  the  pole  is  common  to  both,  and 
therefore  if  taken  away  from  both,  muft  leave 
equal  remains ;  that  is,  the  diftance  from  the 
equator  to  the  zenith,  which  is  the  latitude,  is 
equal  to  the  elevation  of  the  pole. 

As  the  finding  the  longitude  of  places  forms 
one  of  the  moft  important  problems  in  geogra¬ 
phy  and  aftronomy,  fome  further  account  of  it, 
it  is  prefumed,  will  prove  entertaining  and 
ufeful  to  the  reader. 

“  tor  what  can  be  more  intcrcfting  to  a 
perfon  in  a  long  voyage,  than  to  be  able  to  tell 
upon  what  part  of  the  globe  he  is,  to  know'  how 
far  he  has  travelled,  what  diftance  he  has  to  go, 
and  how  he  muft  dired.  his  courfe  to  arrive  at 

the 
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the  place  he  defigns  to  vifit?  Thefe  important 
particulars  are  all  determined  by  knowing  the 
latitude  and  longitude  of  the  place  under  con- 
fideration.  When  the  difeovery  of  the  cora- 
pafs  invited  the  voyager  to  quite  his  native 
Ihorc,  and  venture  himfclf  upon  an  unknown 
ocean  ,  that  know  ledge  w  hich  before  he  deemed 
of  no  importance,  now  became  a  matter  of  ab- 
folute  neceffity.  Floating  in  a  frail  veilel,  upon 
an  uncertain  abyfs,  he  has  configned  himfelf 
to  the  mercy  of  the  winds  and  waves,  and 
knows  not  where  he  is.”* 

The  following  inftance  will  prove  of  what 
ufe  it  is  to  know  the  longitude  of  places  at  fea. 
The  editor  of  Lord  Anfon’s  voyage,  fpeaking 
of  the  ifland  of  Juan  Fernandez,  adds,  “  The 
uncertainty  we  were  in  of  it’s  polition,  and  our 
(landing  in  for  the  main  on  the  28th  of  May, 
in  order  to  Cecure  a  fufficient  calling,  when  we 
uere  indeed  extremely  near  it,  coftus  the  lives 
of  between  70  and  Bo  of  our  men,  by  our 
longer  continuance  at  fea;  from  which  fatal 
accident  we  might  have  been  exempted,  had 
we  been  furnifhed  with  fuch  an  account  of 
ifs  fituation,  as  we  could  fully  have  depended 

^The  latitude  of  a  place  the  failor  can  eafily 

difeovenbut  the  longitude  is  a  fubjedt  of  the 

utmoit 
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utmoft  difficulty,  for  the  difeovery  of  which 
many  methods  have  been  devifed.  It  is  indeed 
of  fo  great  confequence,  that  the  parliament  of 
Great  Britain  propofed  a  reward  of  10,000/.  if 
it  extended  only  to  1  degree  of  a  great  circle, 
or  60  geographical  miles;  15,000/.  if  found  to 
4ofuch  miles;  and  20,000/.  to  the  perfon  that 
can  find  it  within  30  minutes  of  a  great  circle, 
or  30  geographical  miles. 

We  cannot  enter  fully  into  this  fubjed  in 
thefe  eflays;  it  will,  I  hope,  be  deemed  fuf- 
ficient,  if  we  give  fuch  an  account  as  will  ena¬ 
ble  the  reader  to  form  a  general  idea  of  the 
folution  of  this  important  problem. 

From  what  has  been  fecn  in  the  preceding 
pages,  it  is  evident  that  15  degrees  in  longitude 
anfwer  to  one  hour  in  time,  and  confequently 
that  the  longitude  of  any  place  would  be 
known,  if  we  knew  their  difference  in  time  ; 
or  in  other  w  ords,  how  much  fooner  the  fun, 
&c.  arrives  at  the  meridian  of  one  place,  than 
that  of  another.  The  hours  and  degrees  being 
in  this  refped  com menfu rate,  it  is  as  proper 
to  exprefs  the  difiance  of  any  place  in  time,  as 
in  degrees. 

Now'  it  is  clear,  that  this  difference  in  time 
would  be  ealify  afeertained  by  the  obfervation 
of  any  inftantaneous  appearance  in  the  heavens, 
at  two  diftant  places ;  for  the  difference  in 
time  at  w  hich  the  fame  phenomenon  is  obfer- 

ved. 
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vcd,  will  be  the  didance  of  the  two  places  from 
each  other  in  longitude  ;  on  this  principle, 
mod  of  the  methods  in  general  ufe  are  founded. 

Thus  if  a  clock,  or  watch,  was  fo  contrived, 
as  to  go  uniformly  in  all  feafons,  and  in  all 
places ;  fuch  a  watch  being  regulated  to  Lon¬ 
don  time,  would  always  lhew  the  time  of  the 
day  at  London  ;  then  the  time  of  the  day  under 
any  other  meridian  being  found,  the  di Terence 
between  that  time,  and  the  correfponding 
London  time,  would  give  the  difference  in 
longitude. 

For  fuppodng  any  perfon  poffeffed  of  one  of 
thefe  time-pieces,  to  fet  out  on  a  journey  from 
London,  if  his  time-piece  be  accurately  adjus¬ 
ted,  wherever  he  is,  he  will  always  know  the* 
hour  at  London  exacHly  ;  and  when  he  has  pro¬ 
ceeded  fo  far  cither  eaftward  or  weftward,  that 
a  difference  is  perceived  betwixt  the  hour 
{hewn  by  his  time-piece,  and  thofe  of  the 
clocks  and  watches  at  the  places  to  which  he 
goes,  the  diftance  of  thofe  places  from  London 
in  longitude  will  be  known.  But  to  whatever 
degree  of  perfedion  fuch  movements  may  be 
made,  yet  as  every  mechanical  inftrument  is  lia¬ 
ble  to  be  injured  by  various  accidents,  other 
methods  are  obliged  to  be  ufed,  as  the  echpfes 
of  the  fun  and  moon,  or  of  Jupiter*s  fatellites. 
Thus  fuppofing  the  moment  of  the  beginning 
of  an  eclipfc  was  at  ten  o’clock  at  night  at 

London, 
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London,  and  by  accounts  from  two  obfervcrs 
in  two  other  places,  it  appears  that  it  began 
with  one  of  them  at  nine  o’clock,  and  with  the 
other  at  midnight ;  it  is  plain,  that  the  place 
where  it  began  at  nine  is  one  hour,  or  15  de¬ 
grees  eaft  in  longitude  from  London ;  the  other 
place  w  here  it  began  at  midnight,  is  30  degrees 
diftant  in  weft  longitude  from  London.  Eclip- 
ies  of  the  fun  and  moon  do  not,  however,  hap¬ 
pen  often  enough  to  anfvver  the  purpofes  of 
navigation ;  and  the  motion  of  a  fhip  at  fea 
prevents  the  obfervations  of  thofe  of  Jupiter’s 
fatellites. 

If  the  place  of  any  celeftial  body  be  com¬ 
puted,  for  example,  as  in  an  almanack,  for  every 
day  or  to  parts  of  days,  to  any  given  meridian  ; 
and  the  place  of  this  celeftial  body  can  be  found 
by  obfervation  at  fea,  the  difference  of  time 
between  the  time  of  obfervation  and  the  com¬ 
puted  time,  will  be  the  difference  of  longitude 
in  time.  The  moon  is  found  to  be  the  moft 
proper  celeftial  object,  and  the  obfervations  of 
tier  appulfes  to  any  fixed  ftar  is  reckoned  one 
of  the  beft  methods  for  refolving  this  difficult 
problem. 

Length  of  the  Degrees  of  Longitude. 

Suppofing  the  earth  to  be  a  perfeft  globe,  the 
length  of  a  degree  upon  the  meridian  has  been 
eftimated  to  be  69,1  miles;  but  as  the  earth  is 

an 
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an  oblate  fpheroid*  the  length  of  a  degree  on 
the  equator  will  be  fomewhat  greater. 

Whether  the  earth  beconfidered  as  a  fpheroid 
or  a  globe,  all  the  meridians  interfed:  one  ano¬ 
ther  at  the  poles.  Therefore,  the  number  of 
miles  in  a  degree  muft  always  decreafe  as  you 
go  north  or  fouth  from  the  equator.  This  is 
evident  by  infpedion  of  a  globe,  where  the 
parallels  of  latitude  are  found  to  be  fmaller  in 
proportion  as  they  are  nearer  the  pole.  Hence 
it  is  that  a  degree  of  longitude  is  no  where  the 
fame,  but  upon  the  fame  parallel ;  and  that  a 
degree  of  longitude  is  equal  to  a  degree  of 
latitude  only  upon  the  equator. 

The  following  table  fliews  how  many  geo¬ 
graphical  miles,  and  decimal  parts  of  a  mile, 
would  be  contained  in  a  degree  of  longitude, 
at  each  degree  of  latitude  from  the  equator  to 
the  poles,  if  the  earth  was  a  perfect  fphere,  and 
the  circumference  of  it’s  equinodial  line  360 
degrees,  and  each  degree  60  geographical  miles. 

This  table  enables  us  to  determine  the  velocity 
with  which  places  upon  the  globe  revolve  eaft- 
Ward  ;  for  the  velocity  is  different,  according  to 
the  diftance  of  the  places  from  the  equator, 
being  fwifteft  as  palling  through  a  greater 
fpace,  and  fo  by  degrees  flower  towards  the 
poles,  as  pafling  through  a  lefs  fpace  in  the  fame 
time.  Now  as  every  part  of  the  earth  is  moved 
through  the  fpace  of  it’s  circumference,  or  360 
S  degrees 
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degrees  in  24  hours  ;  the  fpace  defcribed  in  onte 
hour  is  found  by  dividing  360  by  24,  which 
gives  in  the  quotient  1 5  degrees  ;  and  fo  many 
degrees  does  every  place  on  the  earth  move  in 
an  hour.  The  number  of  miles  contained  in 
fo  many  degrees  in  any  latitude,  is  readily  found 
from  the  table. 

Thus  under  the  equator  places  revolve  at  the 
rate  of  more  than  1000  miles  in  an  hour ;  at 
Londop,  at  the  rate  of  about  640  miles  in  an 
hour. 


TABLE. 


IAT. 

LAT. 

LAT. 

Deg.  Miles. 

Deg.  Miles. 

Deg.  Miles . 

00 

60,00 

17  57.37 

34 

49.74 

I 

59>99 

18  57,06 

35 

49.15 

2 

59>96 

19  56,73 

36 

48,54 

3 

59*92 

20  56,38 

37 

47.92 

4 

59,86 

21  56,01 

38 

47.28 

5 

59*77 

22  5S»63 

39 

46,62 

6 

59.67 

23  55.23 

40 

45.95 

7 

59*56 

24  54.8 1 

4i 

45*2* 

8 

5942 

25  54.3s 

42 

44,59 

9 

59*26 

26  53,93 

43 

43»88 

10 

59,08 

27  53.46 

44 

43,16 

11 

58.89 

28  52,97 

45 

42,43 

12 

58,68 

29  52,47 

46 

41,68 

*3 

5846 

30  51,96 

47 

40,92 

14 

58,22 

3*  51.43 

48 

40,15 

15 

57*95 

32  50,88 

49 

39.36 

16 

S7>67 

33  5°>3* 

5° 

38.57 
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LAT. 

LAT. 

LAT. 

Deg.  Miles. 

Deg.  Miles. 

Deg. 

Miles . 

5* 

37»76 

65 

25,36 

79 

*i.45 

52 

36»94 

66 

24,41 

80 

10,4a 

53 

36,11 

67 

23.45 

8l 

9.38 

54 

35>*6 

68 

22,48 

82 

8,35 

55 

34»4i 

69 

21,50 

83 

7.32 

56 

33.55 

70 

20,52 

84 

6,28 

57 

32,68 

71 

19.54 

85 

5.23 

58 

3I»79 

72 

18,55 

86 

4.18 

59 

3°>9° 

73 

17.54 

87 

3.14 

60 

30,00 

74 

16,53 

88 

2,09 

61 

29,09 

75 

15.52 

89 

1,05 

62 

28,17 

76 

14,51 

90 

0,00 

63 

27,24 

77 

13.50 

64 

26,30 

78 

12,47 

Another  circumftance  which  arifes  from  this 
difference  of  meridians  in  time,  muft  detain  us 
a  little  before  we  quit  this  fubjeeft.  For  from 
this  difference  it  follows,  that  if  a  fhip  fails 
round  the  world,  always  direfting  her  courfe 
eaftward,  ihe  will  at  her  return  home  find  fhe 
has  gained  one  whole  day  of  thofe  that  flayed 
at  home  ;  that  is,  if  they  reckon  it  May  1,  the 
fhip’s  company  will  reckon'it  May  2 ;  if  weft- 
ward,  a  day  lefs,  or  April  30. 

This  circumftance  has  been  taken  notice  of 
hy  navigators.  “  It  was  during  our  ftay  at 
Mindanao  (fays  Capt.  Dampier)  that  we  were 
hrft  made  fenfible  of  the  change  of  time  in  the 
courfe  of  our  voyage  :  for  having  travelled  fo 
S  2  far 
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far  weft  ward,  keeping  the  fame  courfe  with  the 
fun,  we  confcquently  have  gained  fomething  in- 
fcnfibly  in  the  length  of  the  particular  days, 
but  have  loft  in  the  tale  the  bulk  or  number  of 
the  days  or  hours. 

«  According  to  the  different  longitudes  of 
England  and  Mindanao,  this  ifle  being  about 
210  degrees  weft  from  the  Lizard,  the  diffe¬ 
rence  of  time  at  our  arrival  at  Mindanao,  ought 
to  have  been  about  fourteen  hours  ;  and  fo 
much  we  ihould  have  anticipated  our  reckoning, 
having  gained  it  by  bearing  the  fun  company. 

«  Now  the  natural  day  in  every  place  muft  be 
confonant  to  itfelf;  but  going  about  with,  or 
againft  the  fun’s  courfe,  will  of  neceffity  make  a 
difference  in  the  calculation  of  the  civil  day, 
between  any  two  places.  Accordingly,  at  Min¬ 
danao,  and  other  places  in  the  Eaft  Indies,  w e 
found  both  natives  and  Europeans  reckoning  a 
day  before  us.  For  the  Europeans  coming  caft- 
ward,  by  the  Cape  of  Good  Hope,  in  a  couife 
contrary  to  the  fun  and  us,  wherever  wc  met, 
were  a  full  day  before  us  in  their  accounts. 

,f  So  among  the  Indian  Mahometans,  their 
Friday  was  Thurfday  with  us  ;  though  it  was 
Friday  alfo  with  thofe  that  came  eaftward  from 
Europe. 

ft  yct  at  the  Lad  rone  iflands  we  found  the 
Spaniards  of  Guam  keeping  the  fame  computa¬ 
tion  with  ourfclves;  the  reafon  of  which  I  take 
to  be,  that  they  fettled  that  colony  by  a  courfe 
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weftward  from  Spain ;  the  Spaniards  going 
firft  to  America,  and  thence  to  the  Ladrone 
iflands.’* 

It  is  clear,  from  wliat  has  been  faid  in  the 
firft  part  of  this  article,  concerning  both  latitude 
and  longitude,  that  if  a  perfon  travel  ever  fo  far 
direcftly  towards  eaft  or  weft,  his  latitude  would 
be  always  the  fame,  though  his  longitude  would 
be  continually  changing. 

But  if  he  went  diredlly  north  or  fouth,  his 
longitude  would  continue  the  fame,  but  his  lati¬ 
tude  would  be  perpetually  varying. 

If  he  went  obliquely,  he  would  change  both 
his  latitude  and  longitude. 

The  longitude  and  latitude  of  places  give 
only  their  relative  diftances  on  the  globe ;  to 
difeover,  therefore,  their  real  diftance,  we  have 
rccourfe  to  the  follow  ing  problem. 

problem  x. 

Any  place  being  given,  to  find  the  diftance  of 
that  place  from  another,  in  a  great  circle  of 
the  earth. 

We  fhall  divide  this  problem  into  three  cafes. 
Cafe  1 .  If  the  places  lie  under  the  fame  me¬ 
ridian.  Bring  them  up  to  the  meridian,  and 
mark  the  number  of  degrees  intercepted  between 
them.  Multiply  the  number  of  degrees  thus 
found  by  60,  and  they  will  give  the  number  of 
S  3  gcogra- 
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geographical  miles  between  the  two  places.  But 
if  we  would  have  the  number  of  Englifh  miles, 
the  degrees  before  found  muft  be  multiplied  by 

69t* 

Cafe  2.  If  the  places  lie  under  ;  equator. 
Find  their  difference  of  longitude  in  degrees, 
and  multiply  as  in  the  preceding  cafe,  by  6o,  or 

69-F 

Cafe  3.  If  the  places  lie  neither  under  the 
fame  meridian,  nor  under  the  equator.  Then 
lay  the  quadrant  of  altitude  over  the  two  places, 
and  mark  the  number  of  degrees  intercepted  be¬ 
tween  them.  Thefe  degrees  multiplied  as 
above-mentioned,  will  give  the  required  dif- 
tance. 

Of  a  Parallel  Sphere. 

A  parallel  sphere  is  that  polition  of  the 
globe,  in  winch  the  poles  are  in  their  zenith  and 
nadir,  it’s  axis  at  right  angles  to  the  equator  and 
horizon,  w  hich  coincide  ;  confequently,  thofe 
circles  which  are  parallel  to  the  equator,  are  alfo 
parallel  to  the  horizon. 

The  inhabitants  that  anfwer  to  this  polition 
of  the  fphere,  if  any  there  be,  muft  live  upon 
the  two  terfeftrial  poles,  and  w  ill  have  but  one 
day  and  one  night  throughout  the  year,  each  fix 
months  long.  The  day,  to  thofe  who  live 
under  the  north  pole,  begins  when  the  fun  en¬ 
ters  Aries,  and  continues  till  he  reaches  Libra, 

w  hen  night  commences,  and  continues  the  other 

fix 
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fix  months.  Thofe  who  live  under  the  fouth 
pole,  experience  the  direct  contrary;  but  both 
enjoy  a  long  continuance  of  twilight,  after  the  fun 
has  departed  from  them,  and  before  he  ap¬ 
pears  again. 

For  half  a  year,  the  inhabitants  of  the  pole 
fee  the  fun  moving  continually  round  above 
their  horizon,  in  a  kind  ol  fpiral  line ;  when 
they  firft  perceive  him,  he  (kirns,  as  it  were, 
their  horizon,  then  rifes  gradually  higher,  till 
he  reaches  the  tropic,  when  he  again  defeends, 
till  he  touches  the  horizon,  when  their  long  and 
gloomy  night  begins. 

During  their  fummer’sday,  the  moon  appears 
to  them  in  the  heavens  only  as  a  white  cloud; 
in  the  winter,  during  her  fecond  and  third 
quarters,  (he  circulates  above  the  horizon  for 
feveral  days,  without  fetting,  being  a  fortnight 
above,  and  a  fortnight  below  the  horizon. 

They  can  only  fee  the  ftars  in  that  hemifphere 
between  the  pole  and  the  equator  ;  during  half 
a  year,  none  of  them  are  vifible,  being  fwal- 
lovved  up,  as  it  were,  by  the  fuperior  light  of  the 
fun.  To  them  the  ftars  never  fet,  but  move  in 
circles  parallel  to  the  horizon,  keeping  always 
the  fame  altitude.  The  planets  are  half  their 
time  above,  and  half  below  the  horizon. 

Of  a  Right  Sphere. 

A  right  sphere  is  that  in  which  the  equator 
is  at  right  angles  to  the  horizon,  and  therefoi  e 
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in  the  zenith  and  nadir,  and  in  which  the  poles 
are  in  the  horizon.  » 

The  inhabitants  that  anfwer  to  this  fituation 
of  the  fpherc,  live  under  the  equator ;  their 
days  and  nights  are  of  an  equal  length  through¬ 
out  the  year,  being  each  of  them  twelve  hours 
in  length. 

The  fun  rifes  and  fets  nearly  perpendicular  r 
he  is  half  a  year  on  one  fide  their  zenith,  and 
as  much  on  the  other,  patting  over  it  tw  ice  a 
year  at  the  equinoxes. 

There  is  nothing  uncommon  in  the  appear¬ 
ance  of  the  moon,  but  her  riling  and  fetting 
like  the  fun,  nearly  in  a  perpendicular  direction ; 
but  there  is  to  thefe  inhabitants  a  moft  glorious 
difplay  of  all  the  ftars  in  the  heavens,  from 
pole  to  pole,  all  of  them  riling  and  fetting 
perpendicular,  except  the  poles  which  lie  in  the 
horizon. 

Or  an  Oblique  Sphere. 

An  obliqtje  sphere  is  the  potttion  common 
to  all  the  inhabitants  of  the  earth,  except  thofe 
who  live  at  the  poles,  and  upon  the  equator ;  it 
is  thus  named,  becaufe  the  equator  cuts  the 
horizon  obliquely. 

In  this  fphere  the  axis  of  the  earth  always 
makes  an  acute  angle  with  the  horizon ;  the 
equator  is  half  above  and  half  below  it. 

All 
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All  the  parallels  to  the  equator  cut  the  hori¬ 
zon  alfo  obliquely,  and  thus  make  the  diurnal 
arches  greater  or  lels  than  the  nodurnal  ones, 
excepting  at  the  time  of  the  equinoxes. 

Thofe  inhabitants  of  this  fphcre,  who  live 
without  the  tropics,  never  have  the  fun  in  their 
zenith  ;  but  under  the  tropics  the  fun  is  vertical 
once,  and  between  the  tropics  and  the  equator 
twice  every  year. 

In  this  polition  the  liars  rife  and  fet  obliquely; 
and  as  the  moon,  when  at  full,  is  always  in  an 
oppofite  lign  to  the  fun,  Ihe  is  on  the  fouth  fide 
of  the  equator  in  fummer,  and  confequently  her 
altitude  is  low,  and  her  courfe  fliort ;  but  in 
winter,  when  at  the  full,  Ihe  is  in  the  northern 
iigns,  making  a  high  long  circuit,  which  is  of 
great  ufc  in  that  dreary  feafon. 

Of  tiie  Twilight. 

That  light  which  we  have  from  the  fun  be¬ 
fore  it  rifcs,  and  after  it  fets,  is  called  the  twi¬ 
light. 

The  morning  twilight,  or  day-break,  com¬ 
mences  when  the  fun  comes  within  1 8  degrees 
of  the  horizon,  and  continues  till  fun-rifmg. 
The  evening  twilight  begins  at  fun-fetting,  and 
continues  till  it  is  1 8  degrees  below  the  horizon. 

To  illuftrate  the  caufes  of  the  various  length 
pf  twilight  in  different  places,  a  wire  circle  is 
fixed  1 8  degrees  below  the  furface  of  the  broad 

paper 
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paper  circle  ;  fo  that  all  thofe  places  which  are 
above  the  wire  circle  will  have  twilight,  but  it 
iv ill  be  dark  to  all  thofe  places  below  it. 

We  have  already  obferved,  that  it  is  owing 
to  the  atmofphcre,  that  we  are  favoured  with 
the  light  of  the  fun  before  he  is  above,  and  after 
he  is  below  our  horizon.  Hence,  though  after 
fun-fetting  we  receive  no  diredt  light  from  the 
fun,  yet  we  enjoy  it’s  reflected  light  for  fome 
time ;  fo  that  the  darknefs  of  the  night  does 
not  come  on  fuddenly,  but  by  degrees. 

In  a  right  pofition  of  the  fphere  the  twilights 
are  quickly  over,  becaufe  the  fun  rifes  and  fets 
nearly  in  a  perpendicular  ;  but  in  an  oblique 
fphere  they  lad  longer,  the  fun  rifing  and  fet- 
ting  obliquely:  the  greater  the  latitude  of  the 
place,  the  longer  is  the  duration  of  the  twi¬ 
light;  fo  that  all  thofe  who  are  in  49  de¬ 
grees  of  latitude  have  in  the  fummer,  near  the 
folflice,  their  atmofphere  enlightened  the  whole 
night,  the  twilight  lading  till  fun-rifing. 

In  a  parallel  fphere,  the  twilight  lads  for  fe- 
veral  months ;  fo  that  the  inhabitants  of  this 
pofition  have  either  diredt,  or  reflex  light  of  the 
fun  nearly  all  the  year,  as  will  plainly  appear  by 
the  globe. 

Of  the  diurnal  Motion  of  the  Earth. 

As  the  daily  motion  of  the  earth  about  it’s 
axis,  and  the  phenomena  dependent  on  it,  are 
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fome  of  the  mod  efiential  points  v  hich  a  begin¬ 
ner  ought  to  have  in  view,  we  fhail  now  endea^ 
vour  to  explain  them  by  the  globes ;  and  here,  I 
think,  the  advantage  of  globes  mounted  in  my 
father’s  manner,  over  thofe  generally  ufed,  will 
be  very  evident. 

We  have  already  obfeeved,  that  in  globes 
mounted  in  our  manner,  the  motion  of  the  ter- 
reftrial  globe  about  it’s  axis  reprefents  the  diur¬ 
nal  motion  of  the  earth,  and  that  the  horary 
index  will  point  out  upon  the  equator  the  24 
hours  of  one  diurnal  rotation,  or  any  part  of 
that  time. 

We  {hall  now  confider  the  broad  paper  circle 
as  the  plane  which  di 111 ngui (lies  light  from  dark- 
nefs  i  that  is,  the  enlightened  half  of  the  earth's 
furface,  from  that  w  hich  is  not  enlightened. 

For  w  hen  the  fun  Ihines  upon  a  globe,  he 
Ihines  only  upon  one  half  of  it;  that  is,  one  half 
of  the  globe’s  furface  is  enlightened  by  him,  the 
other  not. 

That  the  enlightened  half  may  be  that  half 
which  is  above  the  broad  paper  circle,  we  mull 
imagine  the  fun  to  be  in  our  zenith. 

Or  let  a  fun  be  painted  on  the  ceiling  over 
the  terreftrial  globe,  the  diameter  of  the  pi&ure 
equal  to  the  diameter  of  the  globe. 

Then  all  thofe  places  that  are  above,  the  broad 
paper  circle,  will  be  in  the  fun’s  light ;  that  is, 
it  will  be  day  in  all  thofe  places. 

And 


description  and  use 


284 

And  all  places  that  are  below  this  circle,  will 
be  out  of  the  fun’s  light ;  that  is,  in  all  thofe 
places  it  will  be  night. 

When  any  place  on  the  earth’s  furface  comes 
to  the  edge  of  the  broad  paper  circle,  palling 
out  of  the  fhade  into  the  light,  the  fun  will  ap¬ 
pear  rising  at  that  place. 

And  when  a  place  is  at  the  edge  of  the  broad 
paper  circle,  going  out  of  the  light  into  the 
fhade,  the  fun  will  appear  at  that  place  to  be 
setting. 

When  we  view  the  globe  in  this  pofition,  we 
at  once  fee  the  fituation  of  all  places  in  the  illu¬ 
minated  hemifpherc,  Mhofe  inhabitants  enjoy 
the  light  of  the  day.  One  edge  of  the  broad 
paper  circle  Ihews  at  what  place  the  fun  appears 
riling  at  the  same  time.  And  the  oppofite  edge 
fhews  at  what  places  the  fun  is  fetting  at  the 
fame  time. 

The  horary  index  Ihews  how  long  a  place  is 
moving  from  one  edge  to  the  other ;  that  is, 
how  long  the  day  or  night  is  at  that  place. 

To  RECTIFY  THE  TERRESTRIAL  GlOBE. 

To  rectify  the  terreftrial  globe,  is  to  place  it 
in  the  fame  pofition  in  which  our  earth  Hands 
to  the  fun,  at  all  or  any  given  times. 

That  half  of  the  earth’s  furface,  which  is  en¬ 
lightened  by  the  fun,  is  not  always  the  fame  ;  it 
differs  according  as  the  fun’s  declination  differs. 

Tq 
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To  re&ify  tfccn  the  terreftrial  globe,  is  to  bring 
it  into  fuch  a  pofition,  as  that  the  enlightened 
half  of  the  earth’s  furface  may  be  all  above  the 
broad  paper  circle. 

On  the  back  fide  of  the  ftrong  brafs  meridian, 
and  on  each  fide  of  the  north  pole,  the  months 
and  days  of  the  month  are  graduated  in  two 
concentric  fpaces,  agreeable  to  the  declination 
of  the  fun. 

Bring  the  day  of  the  month  that  is  graduated, 
on  the  back  fide  of  the  ftrong  brafs  meridian,  to 
coincide  with  the  broad  paper  circle,  and  the 
globe  is  redlified. 

Thus  fet  the  firft  of  May  to  coincide  with  the 
broad  paper  circle,  and  that  halt  of  the  earth  s 
furface  which  is  enlightened  at  any  time  upon 
that  day,  will  be  all  at  once  above  the  faid  circle. 

If  the  horary  index  be  let  to  XII  when  any 
particular  place  is  brought  under  the  ftrong  brafs 
meridian,  it  will  fliew  the  precife  time  of  fun- 
riling  and  fun-fetting  at  that  place. 

It  will  alfo  fhew  how  long  any  place  is  in 
moving  from  the  eaft  to  the  weft  fide  of  the 
illuminated  dilc,  and  thence  the  length  of  the 
day  and  night. 

It  will  alfo  point  out  the  length  of  the  tw  i- 
light,  by  (hewing  the  time  in  which  the  place  is 
pafling  from  the  twilight  circle  to  the  edge  of 
the  broad  paper  circle  on  the  weftern  fide ;  or 
from  the  edge  of  this  circle  on  the  eaftern  fide. 
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to  the  twilight  wire,  and  thus  determine  the 
length  of  the  w  hole  artificial  day. 

N.  B.  The  tw  ilight  wire  is  placed  at  i  S  de¬ 
grees  from  the  broad  paper  circle. 

We  fhall  now  proceed  to  exemplify  upon  the 
globes  thefe  particulars,  at  three  different  fea- 
fons  of  the  year,  viz.  the  fummer  folftice,  the 
winter  folftice,  and  the  time  or  times  of  the 
equinoxes. 

p  r  o  b  l  e  M  XI. 

To  place  the  globe  in  the  fame  fituation,  with 
refpeft  to  the  fun,  as  our  earth  is  in  at  the 
time  of  the  fummer  folftice. 

Re&ify  the  globe  to  the  extremity  of  the  di- 
vifions  for  the  month  of  June,  or  2  degrees 
north  declination ;  that  is,  bring  thefe  divifiOns 
on  the  ftrong  brafs  meridian  to  coincide  with 
the  plane  of  the  broad  paper  circle. 

Then  that  part  of  the  earth’s  furface,  which  is 
within  the  northern  polar  circle,  will  be  above 
thebrbad  paper  circle,  and  will  be  in  the  light, 
and  the  inhabitants  thereof  will  have  no  night. 

But  all  that  fpace  which  is  contained  within 
the  fouthern  polar  circle,  will'  continue  in  the 
lhade;  that  is,  it  will  there  be  continual  night. 

In  this  pofition  of  the  globe,  the  pupil  will 
obferve  how  much  the  diurnal  arches  of  the 
parallels  of  latitude  decreafe,  as  they  are  more 
and  more  diftant  from  the  elevated  pole. 
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If  any  place  be  brought  under  the  ftrong 
brafs  meridian,  and  the  horary  index  is  fet  to 
that  XII  which  is  moft  elevated,  and  the  place 
be  afterwards  brought  to  the  weftern  fide  of  the 
broad  paper  circle,  the  hour  index  will  Ihew  the 
time  of  fun-riling ;  and  when  the  place  is  moved 
to  the  eaftern  edge,  the  index  points  to  the  time 
of  fun-fetting. 

The  length  of  the  day  is  obtained  by  the  time 
fhewn  by  the  horary  index,  while  the  globe 
moves  from  the  weft  to  the  eaft  fide  of  the  broad 
paper  circle. 

Thus  it  will  be  found,  that  at  London  the  fun 
rifes  about  1 5  minutes  before  IV  in  the  morn¬ 
ing,  and  fets  about  1 5  minutes  after  VIII  at 
night. 

At  the  following  places,  it  will  be  nearly'at 
the  times  exprelfed  in  the  table. 


0 

O 

Length 

Twi¬ 

Rifing 

Setting 

of  day. 

light. 

b.  m. 

1  h.  m. 

h.  m. 

|  h.  m. 

Cape  Horn  8  44 

3  16 

6  32 

2  35 

Cape  of  Good  Hope  7  9 

4  5*  ! 

9  42 

I  43 

Rio  de  Janeiro,  in  Brazil  6  42 
Ifland  of  St.  Thomas, 

5  1 9 

10  38 

1  23 

near  the  equator  -  6 

6 

12 

1  20 

Cape  Lucas,  California  5  12 

6  4$ 

!3  36 

1  35 

We  alfo  fee,  that  at  the  fame  time  the  fun  is 
riling  at  London,  it  is  rifing  at  the  illes  of  Sicily 
and  Madagafcar. 

And,  that  at  the  time  when  the  fun  fets  at 

L011- 
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London,  it  is  fetting  at  the  ifland  of  Madeira, 
and  at  Cape  Horn. 

And  when  the  fun  is  fetting  at  the  ifland  of 
Borneo,  in  the  liall:  Indies,  it  is  riling  at  Florida, 
in  America.  And  many  other  fimilar  circum- 
ftanc  es  relative  to  other  places,  are  feen  as  it 
-were  by  inflection. 

PROBLEM  XII. 

To  explain  the  fituation  of  the  earth,  with  re- 

fpedt  to  the  fun,  at  the  time  of  the  winter 

folftice. 

Rectify  the  globe  to  the  extremity  of  the  di- 
'tifions  for  the  month  of  December,  or  to  23! 
degrees  fouth  declination. 

When  it  will  be  apparent  that  the  whole  fpace 
within  the  fouthern  polar  circle  is  in  the  fun’s 
light,  and  enjoys  continual  day  ;  whilft  that  of 
the  northern  polar  circle  is  in  the  fhade,  and  has 
continual  night. 

If  the  globe  be  turned  round,  as  before,  the 
horary  index  will  fhew,  that  at  the  feveral  places 
before-mentioned  their  days  will  be  refpedively 
equal  to  what  their  nights  were  at  the  time  ot 
the  fummer  folftice. 

It  will  appear  farther,  that  it  is  now  fun- 
fetting  at  the  fame  time  in  thofe  places,  in  whfoh 
it  was  fun-rifing  at  the  fame  time  at  the  fum¬ 
mer  folftice.  And  on  the  contrary,  fun-rifing 
at  the  time  it  then  appeared  to  ftt. 
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PROBLEM  XIII. 

To  place  the  globe  in  the  fituation  of  the  earth, 
at  the  times  of  the  equinox. 

The  fun  has  no  declination  at  the  times  of 
the  equinox,  confequently  there  muft  be  no  ele¬ 
vation  of  the  pole. 

Bring  the  day  of  the  month  when  the  fun 
enters  the  firft  point  of  Aries,  or  day  of  the 
month  when  the  fun  enters  the  firft  point  of  Li¬ 
bra,  to  the  plane  of  the  broad  paper  circle;  then 
the  two  poles  of  the  globe  will  be  in  that  plane 
alfo,  and  the  globe  will  be  in  the  pofition  which 
is  called  a  right  sphere. 

For  it  is  a  right  fphere  when  the  two  poles 
are  in  the  plane  of  the  broad  paper  circle,  be- 
caufe  then  all  thofe  circles  which  are  parallel  to 
the  equator  will  be  at  right  angles  to  that  plane. 

If  the  globe  be  now  turned  from  weft  to  eaft, 
it  will  plainly  appear,  that  all  places  upon  it’s 
furface  are  twelve  hours  above  the  broad  paper 
circle,  and  twelve  hours  below  it ;  that  is,  the 
days  are  twelve  hours  long  all  over  the  earth,  and 
that  the  nights  are  equal  to  the  days,  whence 
thefe  times  are  called  the  times  of  equinox. 

Two  of  thefe  occur  in  every  year ;  the  firft  is 
the  autumnal,  the  fecond  the  vernal  equinox. 

At  thefe  feafons  the  fun  appears  to  rife  at  the 
fame  time  to  all  places  that  are  on  the  fame  me- 
T  ridian. 
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ridian.  The  fun  fets  alfo  at  the  ,fame  time  in 
all  thofe  places. 

Thus  if  London  and  Mundford,  on  the  gold 
COaft>  be  brought  to  the  ftrong  brafs  meridian, 
the  graduated  lide  of  which  is  in  this- cafe  the 
horary  index,  and  they  be  afterwards  carried  to 
the  weftern  edge  of  the  broad  paper  circle,  the 
index  will  lhew  that  the  fun  rifes  at  VI  at  both 
places  ;  when  they  are  carried  to  the  eaftern 
edge,  the  index  points  to  VI  for  the  time  of  fun- 
fetting. 

N.  B.  If  London  be  not  the  given  place,  the 
hour  index  is  to  be  fet  to  the  moft  elevated  XII, 
while  the  place  is'  under  the  graduated  edge  of 
the  ftrong  brafs  meridian. 

The  following  circumftances,  which  ufually 
attend  the  four  cardinal  diviftons  of  the  year, 
cannot  be  better  introduced  than  at  this  place. 
At  the  time  of  the  equinoxes,  when  the  fun 
paffes  from  one  hemifphere  into  the  other,  there 
is  almoft  conftantly  fome  difturbance  in  the 
weather  ;  the  winds  are  then  generally  higher  : 
at  the  vernal  equinox  they  are  for  the  moft  part 
er.ftcrly,  cold,  dry,  and  fearching.  The  folftitial 
point  of  the  fummer  is  often  diftinguifhed  by 
violent  rains,  and  what  we  call  a  midfummer 
flood.  The  winter  being  lefs  rainy  than  thq 
ftimmer,  nothing  particular  happens  at  the  win¬ 
ter  folftice,  but  that  the  frofts  commonly  fet  in 

more 
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more  feverely,  with  fome  quantity  of  fnow  upon 
the  ground. 

Of  the  Artificial,  orTerrestrial  Horizon. 

The  brafs  circle,  which  may  be  flipped  from 
pole  to  pole  on  the  moveable  meridian,  has  been 
already  defcribed,  page  245.  The  circumfe¬ 
rence  of  it  is  divided  into  eight  parts,  to  which 
are  affixed  the  initial  letters  of  the  mariner’s 
compafs. 

When  the  center  of  it  is  fet  to  any  particular 
place,  the  fttuation  of  any  other  place  is  feen, 
with  refped;  to  that  place;  that  is,  whether  they 
be  eaft,  weft,  north,  or  fouth  of  it. 

It  will,  therefore,  reprefent  the  horizon  of 
that  place. 

We  fhall  here  ufe  this  artificial  horizon,  to' 
(hew  why  the  fun,  although  he  be  always  in  one 
and  the  fame  place,  appears  to  the  inhabitants 
of  the  earth  at  different  altitudes,  and  in  differ¬ 
ent  azimuths. 


PROBLEM  XIV* 

To  exemplify  the  fun’s  altitude,  as  obferved 
with  an  artificial  horizon. 

The  altitude  of  the  fun  is  greater  or  lefs,  ac¬ 
cording  as  the  line  which  goes  from  us  to  the 
fun  is  nearer  to,  or  farther  off  from  our  horizon. 
•Let  the  moveable  circle  be  applied  to  any 
T  2  place. 
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place,  as  London,  then  Avill  the  horizon  of  Lon¬ 
don.  be  thereby  represented. 

The  fun  is  fuppofed,.  as  before,  to  be  in  the 
zenith,  that  is,  dire&ly  over  the  terreftrial  globe. 

If  then  from  London  a  line  go  vertically  up¬ 
wards,  the  fun  will  be  feen  at  London  in  that  line. 

At  fun-rifingv  when  London  is  brought  to  the 
well  edge  of  the  broad  paper  circle,  the  fuppofed 
line  w  ill  byc  parallel- t-o  the  artificial  horizon,  and 
the  fun  w ill  then  be  feen  in  the  horizon. 

As  the  globe  is  gradually  turned  from  the  weft 
towards  the  eaft,  the  horizon-  will  recede  from 
that  line  which  goes  from  London  vertically 
upwards;  fo  that  the  line  in  which  the  fun  is 
feen,  gets  further  and  further  from  the  horizon ; 
that  is,  the  fun’s  altitude  increafes  gradually. 

When  the  horizofi,  and  the  line  which  goes 
from  London  vertically  upwards,  arc  arrived  at 
the  ftrong  brafs  meridian,  the  fun  is  then  at  his 
greateft  or  meridian  altitude  for  that  day,  and 
the  line  and  horizon  are  at  the  largeft  angle  they 
can  make  with  each  other. 

After  this,  the  motion  of  the  globe  being  con¬ 
tinued,  the  angle  betw  een  the  artificial  horizon* 
and  the  line  w  hich  goes  from  London  vertically 
upwards,  continually  dccreafes,  until  London 
arrives  at  the  eaftern  edge  of  the  broad  paper 
circle;  it’s  horizon  then  becomes  vertical  again, 
and  parallel  to  the  line  w  hich  goes  vertically 

upwardsv 
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•upwards.  The  fun  will  again  appear  in  the 
horizon,  and  will  fet. 

problem  xv. 

Of  the  fun’s  meridian  altitude,  at  the  three 
different  feafons. 

Retfli fy  the  globe  to  the  time  of  the  winter 
folrtice,  by  problem  xii.  and  place  the  center  of 
the  vifible  horizon  on  London. 

When  London  is  at  the  graduated  edge  of  the 
ftrong  brafs  meridian,  the  line  which  goes  ver¬ 
tically  upwards  makes  an  angle  of  about  15  de¬ 
grees  ;  this  is  the  fun’s  meridian  altitude  at  that 
feafon,  to  the  inhabitants  of  London. 

If  the  globe  be  rectified  to  the  times  of  equi¬ 
nox,  by  problem  xii.  the  horizon  will  be  farther 
feparated  from  the  line  which  goes  vertically 
upwards,  and  makes  a  greater  angle  therewith, 
it  being  about  38*  degrees;  this  is  the  fun’s 
meridian  altitude,  at  the  time  of  equinox  at 
London. 

Again,  rc&ify  to  the  fummer  follfice  by  prob. 
Xl*  and  you  will  find  the  artificial  horizon  recede 
farther  from  the  line  which  goes  from  London 
Vertically  upwards,  and  the  angle  it  then  makes 
ls  about  62  degrees,  which  fhews  the  fun’s  me¬ 
dian  altitude  at  the  time  of  the  fummer  folftice. 
Hence  flow  s  alfo  the  following  arithmetical 

problem. 
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PROBLEM  XVI. 

To  find  the  fun’s  meridian  altitude  univerfally. 

Add  the  fun’s  declination  to  the  elevation  of 
the  equator,  if  the  latitude  of  the  place,  and  the 
declination  of  the  fun  are  both  on  the  fame  fide. 

If  on  contrary  fides,  fubtrad  the  declination 
from  the  elevation  of  the  equator,  and  you  ob¬ 
tain  the  fun’s  meridian  altitude. 

Thus  the  elevation  of  the  equator  at 

London  is  -  3 8 

The  fun’s  declination  on  the  20th  of 
May 

Their  fum,  the  fun’s  meridian  altitude 
that  day 

Again,  to  the  elevation  of  the  equator 
at  London 

Add  the  fun’s  greatefi:  decimation  at  the 
time  of  the  fummer  folftice  - 

The  fum  is  the  fun’s  greatefi:  meridian 
altitude  at  London 
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problem  XVII. 

Of  the  fun’s  azimuths,  as  compared  w  ith  the 
artificial  horizon. 

The  artificial  horizon  ferves  alfo  to  determine 

the  fun’s  azimuths.  y^n 

~  2  -  .  '  T  . 
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An  azimuth  of  the  fun  is  denominated  from 
that  point  of  the  horizon,  to  which  the  fun,  or 
a  line  going  to  the  fun,  is  neareft. 

Thus  if  the  fun,  or  a  line  going  to  the  fun 
be  neareft  the  fouth-eaft  point  of  the  horizon, 
which  point  is  45  degrees  diflant  from  the  me¬ 
ridian,  the  fun’s  azimuth  is  an  azimuth  of  45 
degrees, and  thefun  will  appear  in  the  fouth-eaft. 

Imagine  the  fun,  as  we  have  done  before,  to 
be  placed  dire&ly  over  the  globe. 

In  which  cafe,  a  line  going  to  the  fun  from 
any  place  on  the  furface  of  the  globe,  will  have 
a  vertical  dire&ion,  and  will  go  from  that  place 
vertically  upwards. 

If  then  we  apply  the  artificial  horizon  to  any 
place,  the  point  of  this  horizon  to  which  a  ver¬ 
tical  line  is  neareft,  fhews  the  fun’s  azimuth  at 
that  time. 

It  is  obfervable,  that  the  point  of  the  horizon 
to  which  fuch  a  vertical  line  is  neareft,  will  be 
at  all  times  that  point  which  is  moft  elevated. 

To  exemplify  this,  let  the  globe  be  in  the 
pofiticn  of  a  right  fphere,  and  let  the  artificial 
horizon  be  applied  to  London. 

When  London  is  at  the  weftern  edge  of  the 
broad  paper  circle,  which  fituation  reprefents 
the  time  when  the  fun  appears  to  rife,  the  eaft- 
€rn  point  of  the  artificial  horizon  being  then 
tnoft  elevated,  {hews  that  the  fun  at  his  rifing  is 
<Iue  ealt. 
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Turn  the  globe,  till  London  comes  to  the 
eaftern  edge  of  the  broad  paper  circle,  then  the 
weftern  point  of  the  artificial  horizon  will  be 
moft  elevated,  Ihewing  that  the  fun  fets  due 
weft. 

Now  place  the  globe  in  the  pofition  of  an  ob¬ 
lique  fphere ;  and  if  London  be  brought  to  the 
eaftern  or  weftern  fide  of  the  broad  paper  circle, 
the  vertical  line  will  depart  more  or  lefs  from 
the  eaft  and  weft  points,  in  which  cafe  the  fun 
is  faid  to  have  more  or  lefs  amplitude. 

If  the  departure  be  northward,  it  is  called 
northern  amplitude  ;  if  fouthward,  it  is  called 
fouthern  amplitude. 

In  whatever  pofition  the  globe  be  placed,*  when 
London  comes  to  the  ftrong  brafs  meridian,  the 
moft  elevated  part  of  the  artificial  horizon  will 
be  the  fouth  point  of  it. 

Which  fhews  that  at  noon  the  fun  will  always, 
and  in  all  feafons,  appear  in  the  fouth. 

Of  the  ancient  Divisions  of  the  Earth 
into  Zones  and  Climates. 

Climates  was  a  term  ufed  by  the  ancient  aftro- 
nomers  to  exprefs  a  divifion  of  the  earth,  which, 
before  the  marking  down  the  latitudes  of  coun¬ 
tries  into  degrees  and  minutes  were  in  ule,  ferved 

them 

*  The  globe  is  not  fuppofed  in  this  cafe,  or  under  this 
view  of  things,  ever  to  be  elevated  above  the  limits  of  the 
fun’s  declination. 
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them  for  dividing  the  earth  into  certain  por¬ 
tions  in  the  fame  direction,  fo  as  to  fpeak  of  any 
particular  place  with  fome  degree  of  certainty, 
though  not  with  due  precifion. 

It  was  natural  for  the  earlieft  obfervers  to  re¬ 
mark,  for  one  of  the  firft  things,  the  diverlity 
that  there  was  in  the  fun’s  rifing  and  fetting .  it 
was  by  this  they  regulated  what  they  called  cli¬ 
mates  ;  which  are  a  tradt  on  the  furface  of  the 
earth,  of  various  breadths,  being  regulated  by 
the  different  lengths  of  time  between  the  rifing 
and  fetting  of  the  fun  in  the  longeft  da) ,  in 
different  places. 

From  the  equator  to  the  latitude  66|  north 
and  fouth,  a  climate  is  conftituted  by  the  differ¬ 
ence  of  half  an  hour  in  the  length  ot  the  longeft 
day,  and  this  is  fufficient  for  underftanding  the 
ancients.  Between. the  polar  circle  and  the  pole, 
the  length  of  the  longeft  day,  in  one  parallel, 
exceeds  the  length  of  the  longeft  in  the  next  by 
a  month ;  but  of  thefe  the  ancients  knew  nothing. 

Climates  between  the  Equator  and  Polar 
Circles. 

1  §  I  Latitude.  Breadth.  |  Latitude. 
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Therefore,  to  difeover  in  what  climate  a  place 
is,  whofe  latitude  does  not  exceed  66a  degrees, 
find  the  length  of  the  longefi:  day  in  that  place, 
and  fubt rafting  1  2  hours  from  that  length,  the 
number  of  half  hours  in  the  remainder  will  fpe- 
cify  the  climate. 

Zones. 

Zones  is  another  divifion  of  the  earth’s  furface 
ufed  by  the  ancients :  that  part  which  the  fun 
palfes  over  in  a  year  comprehending  23?  de¬ 
grees  on  each  fide  the  equator,  was  called  by 
the  ancients  the  torrid  zone.  The  two  frigid 
zones  are  contained  between  the  polar  circles. 
Between  the  torrid  and  the  two  frigid  zones  are 
contained  the  two  temperate  ones,  each  being 
about  43  degrees  broad. 

The  latitude  of  a  place  being  the  mark  of  it’s 
pofuion  with  refpeft  to  the  fun,  may  be  con- 
4  fidered 


fidered  as  a  general  index  to  the  temperature  of 
the  climate:  it  is,  however,  liable  to  very  great 
exceptions ;  but  to  deny  it  abfolutely,  would  be 
to  deny  that  the  fun  is  the  fource  of  light  and 
heat  below. 

Nothing  can  be  more  hideous  or  mournful, 
than  the  pidurcs  which  travellers  preftnr  us  ot 
the  polar  regions ;  the  feas  furrounding  inhos¬ 
pitable  coafts,  are  covered  with  iflands  of  ice, 
that  have  been  increafmg  for  many  centuries: 
fome  of  thefc  iflands  arc  immerfed  fix  hundred 
feet  under  the  furtace  of  the  fea,  and  yet  often 
rear  up  alfo  their  icy  heads  more  than  one  hun¬ 
dred  feet  above  it’s  level,  and  are  three  or  four 
miles  in  circumference.  The  following  account 
will  give  fome  idea  of  the  feenery  produced  by 
ar&ic  weather.  At  Smearingborough-Harbour, 
within  1 5  degrees  of  the  pole,  the  country  is  full 
of  mountains,  precipices,  and  rocks ;  thefe  are 
covered  with  ice  and  fnow :  in  the  vallies  are 
hills  of  ice,  which  feem  daily  to  accumulate: 
thefe  hills  aflame  many  ftrangc  and  fantaftic  ap¬ 
pearances  ;  fome  looking  like  churches  or  cattles, 
ruins,  {hips  in  full  fail,  whales,  montters,  and  all 
the  various  forms  that  fill  the  univerfe :  there  arc 
feven  of  thefe  ice-hills,  which  are  the  highett  in 
the  country;  when  the  air  is  clear  and  the  light 
fhines  full  upon  them,  the  profpe&  is  incon¬ 
ceivably  brilliant ;  the  fun  is  reflected  from  them 
as  from  glafs;  fometimes  they  appear  of  a  blight 
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hue,  like  fapphire;  fometimes  variegated  with 
all  the  glories  of  the  prifmatic  colours,  exceed¬ 
ing,  in  the  magnitude  of  ludre  and  beauty  of 
colour,  the  richeft  gems  in  the  work! ;  difpofed 
in  fliapes  wonderful  to  behold,  dazzling  the  eye 
with  the  brilliancy  of  it’s  fplendor.  At  Spitf- 
bergen,  within  io  degrees  of  the  pole,  the  earth 
is  locked  up  in  ice  till  the  middle  of  May ;  in 
the  beginning  of  July  the  plants  are  in  flower, 
and  perfedl  their  feeds  in  a  month’s  time*.  For 
though  the  fun  is  much  more  oblique  in  the 
higher  latitudes  than  with  us,  his  long  conti¬ 
nuance  above  the  horizon  is  attended  with  an 
accumulation  of  heat  exceeding  that  of  many 
places  under  the  torrid  zone ;  and  there  is  reafon 
to  fuppofe,  that  the  rays  of  the  fun,  at  any  given 
altitude,  produce  greater  degrees  of  heat  in  the 
condcnfcd  air  of  the  polar  regions,  than  in  the 
thinner  air  of  this  climate. 

Yet,  if  we  look  for  heat,  and  the  remarkable 
effects  of  it,  we  mud  goto  the  countries  near  the 
equator,  where  we  fnall  find  a  fccnery  totally 
different  from  that  of  the  frigid  zone.  Here 
all  things  are  upon  a  larger  fcale  than  in  the 
temperate  climates;  their  days  are  burning  hot, 
in  fome  parts  their  nights  are  piercing  cold, 
their  rains  lading  and  impetuous,  like  torrents; 
their  dews  exccdive,  their  thunder  and  light¬ 
ning  more  frequent,  terrible,  and  dangerous ;  the 
heat  burns  up  the  lighter  foil,  and  forms  it  into 

a  fandy 
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a  Tandy  defert,  while  it  quickens  all  the  moifter 
trads  with  incredible  vegetation. 

The  ancients  fuppofed  that  the  frigid  zone  was 
uninhabitable  from  cold,  and  the  torrid  from  the 
intolerable  heat  of  the  full;  we  now,  however, 
know  that  both  are  inhabited  ;  the  fentiments  of 
the  ancients  therefore,  in  this  refped,  are  a  proof 
how  inadequate  the  faculties  of  the  human  mind 
arc  to  difeuflions  of  this  nature  when  unnf- 
lifted  by  fads. 

PROBLEM  XVIII. 

To  illuftrate  the  ancient  diflindion  of  different 
places  on  the  earth,  according  to  the  diverfity 
of  the  iliadovvs  of  upright  bodies  at  noon. 
When  the  fun  at  noon  is  in  the  zenith  of  any 
place,  the  inhabitants  of  that  place  were  by  the 
ancients  called  ascii;  that  is,  without  fhadovv ; 
for  the  (hadow  of  a  man  ftanding  upright,  when 
the  fun  is  diredly  over  his  head,  is  not  extended 
beyond  that  part  of  the  earth  which  is  di redly 
under  his  body,  and  therefore  will  not  be  vifible. 

As  the  (hadow  of  every  opake  body  is  extended 
from  the  fun,  it  follows,  that  when  the  fun  at 
noon  is  fouthward  from  the  zenith  of  any  place, 
die  (hadow  of  an  inhabitant  of  that  place,  and 
indeed  of  any  other  opake  body,  is  extended  to¬ 
wards  the  north. 

But  when  the  fun  is  northward  from  the  zenith 
°f  any  place,  the  (hadow  falls  towards  the  fouth. 

Thofe 
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Thole  are  called  ampuiscii,  that  have  both 
kinds  of  meridian  fhadows. 

Thole  whole  meridian  lhadows  are  always  pro¬ 
jected  one  way,  are  termed  met e Rose ir. 

ReCtify  the  globe  to  the  fummer  folflice,  and 
move  the  artificial  horizon  to  the  equator,  the 
north  point  will  be  the  molt  elevated  at  noon. 

Which  (hews,  that  to  thofe  inhabitants  who 
live  at  the  equator,  the  fun  will  at  this  feafon 
appear  to  the  north  at  noon,  and  their  fliadow 
will  therefore  be  projected  fouthwards. 

But  if  you  reClify  the  globe  to  the  winter 
folflice,  the  fouth  point  being  then  the  uppermoft 
point  at  noon,  the  fame  perfons  will  at  noon  have 
the  fun  on  the  fouth  fide  of  them,  and  will  pro¬ 
ject  their  lhadows  northwards. 

Thus  they  are  amphifeii,  projecting  their  fliade 
both  ways,  which  is  the  cafe  ot  all  the  inhabi¬ 
tants  within  the  tropics. 

The  artificial  horizon  remaining  as  before, 
rectify  the  globes  to  the  times  ol  the  equinox, 
and  you  will  find  that  when  this  horizon  is 
under  the  ftrong  brafs  meridian,  a  line  going 
vertically  upw  ards  will  be  perpendicular  to  it, 
and  confequently  the  fun  will  be  directly  over 
the  heads  of  the  inhabitants,  and  they  will  be 
afeii,  having  no  noon  fliade ;  their  fliadow  is  in 
the  morning  projected  directly  weft  ward,  in  the 
evening  direCtly  calf  ward. 


The 
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The  fame  thing  will  alfo  happen  to  all  the 
inhabitants  who  live  between  the  tropics  of 
Cancer  and  Caprieon,  fo  that  they  are  not  only 
afcii,  but  amphifcii  alfo. 

Thofe  who  live  without  the  tropics  are  hcte- 
rofcii ;  thofe  in  north  latitude  have  the  noon 
lhade  always  direded  to  the  north,  while  thofe 
in  fouth  latitude  have  it  always  projcded  to  the 
fouth. 

The  inhabitants  of  the  polar  circles  are  called 
peri sci i,  becaufe  as  the  fun  goes  round  them 
continually,  their  lhade  goes  round  them  like- 
wife. 

PROBLEM  XIX. 

Of  the  antceci,  PERitEci,and  antipodes. 

Thefe  terms  being  often  mentioned  by  ancient 
geographical  writers  to  exprefs  the  different 
fituation  of  parts  of  the  globe,  by  the  relation 
which  the  feveral  inhabitants  bore  to  one  ano¬ 
ther  ;  it  will  be  necelfary  to  take  fome  notice 
of  them. 

The  antceci  are  two  nations  which  are  in  or 
near  the  fame  meridian,  the  one  in  north,  the 
other  in  fouth  latitude. 

They  have  therefore,  the  fame  longitude, 
hut  not  the  fame  latitude  ;  oppolite  feafons  of 
the  year,  but  the  fame  hour  of  the  day  ;  the  days 
of  the  one  aTe  equal  to  the  nights  of  the  other, 
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and  vice  verfa  ;  when  the  days  of  the  one  are  at 
the  longeft,  they  are  lhorter  at  the  other. 

When  they  look  towards  each  other,  the  fun, 
feems  to  rife  on  the  right  hand  of  the  one,  but 
on  the  left  of  the  other.  They  have  different 
poles  elevated,  and  the  ftars  that  never  let  to  the 
one,  are  never  leen  by  the  other. 

Periceci  are  alfo  two  oppofite  nations,  litua- 
ted  on  the  fame  parallel  of  latitude. 

They  have,  therefore,  the  fame  latitude,  but 
differ  1 80  degrees  in  longitude  ;  the  fame  fca- 
fons  of  the  year,  but  oppofite  hours  of  the  day  * 
for  when  it  is  twelve  at  night  to  the  one,  it  is 
twelve  at  noon  with  the  other.  On  the  equi¬ 
noctial  days,  the  fun  is  riling  to  one,  when  it  is 
fetting  to  the  other. 

Antipodes  are  two  nations  diametrically  op- 
pofite,  which  have  oppofite  feafons  and  latitude, 
oppolite  hours  and  longitude. 

The  fun  and  ftars  rife  to  the  one,  when  they 
fet  to  the  other,  and  that  during  the  whole  year, 
for  they  have  the  fame  horizon. 

The  day  of  the  one  is  the  night  of  the  other, 
and  when  the  day  is  longeft  with  the  one,  the 
other  has  it’s  fhorteft  day. 

They  have  contrary  feafons  at  the  fame  time  ; 
different  poles,  but  equally  elevated ;  and  thofe 
ftars  that  are  always  above  the  horizon  of  one, 
are  alw  ays  under  the  horizon  of  the  other. 

To  exemplify  thefe  particulars,  bring  the 
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given  place  to  the  ftrong  brafs  meridian  ;  then 
in  the  oppofite  hemifpherc,  and  under  the  fame 
degree  of  latitude  with  the  given  place,  you 
"  ill  find  the  antoeci. 


The  given  place  remaining  under  the  meri¬ 
dian,  fet  the  horary  index  to  XII  ;  then  turn  the 
globe,  till  the  other  XII  is  under  the  index,  then 
"ill  you  find  the  perioeci  under  the  fame  degree 
°i  latitude  with  the  given  place. 

Thus  the  inhabitants  of  the  fouth  part  of 
^'hili  are  antoeci  to  the  people  of  New  England, 
"  hofc  perioeci  are  thofe  Tartars  who  dwell  on 
the  north  borders  of  China,  which  Tartars  have 


the  faid  inhabitants  of  Chili  for  their  antipodes. 

Ihis  will  become  evident,  by  placing  the 
globe  in  the  pofuion  of  a  right  fphere,  and 
bringing  thofe  nations  to  the  edge  of  the  broad 
paper  circle. 


problem  xx. 

J  he  day  of  the  month  being  given,  to  find  all 
thofe  places  on  the  globe,  over  whofc  zenith 
tllc  fun  will  pafs  on  that  day. 

Reftify  the  terreftrial  globe,  by  bringing  the 
jj  '  t  fi  day  of  the  month  on  the  back  fide  of  the 
of°«  meridian,  to  coincide  with  the  plane 
of  i  C  kroac*  PaPcr  circle ;  obferve  the  number 

egrees  0f  thc  brafs  mcricjian^  wb'Gjx  corrc_ 

P°nds  t0  thc  given  day  of  the  month. 

u  Thi\ 
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This  number  of  degrees,  counted  trom  the 
equator  on  the  ftrong  brafs  meridian,  towards  the 
elevated  pole,  is  the  point  over  which  the  fun  is 
vertical ;  and  all  thofe  places  which  pafs  under 
.this  point,  have  the  fun  directly  vertical  on  the 
given  day. 

Example.  Bring  the  i  ith  of  May  to  coincide 
with  the  plane  of  the  broad  paper  circle,  and  the 
faid  plane  will  cut  1 8  degrees  for  the  elevation 
of  the  pole,  which  is  equal  to  the  fun’s  declina¬ 
tion  for  that  day,  which  being  counted  on  the 
ftrong  brafs  meridian  towards  the  elevated  pole, 
is  the  point  over  which  the  iun  will  be  vertical; 
and  all  places  that  are  under  this  degree,  will 
have  the  fun  on  their  zenith  on  the  i  »th  ot 
May. 

Hence,  when  the  fun’s  declination  is  equal  to 
the  latitude  of  any  place  in  the  torrid  zone,  the 
fun  will  be  vertical  to  thofe  inhabitants  that 
day;  which  furnilhes  us  with  another  method 
of  folving  this  problem. 

PROBLEM  XXI. 

To  find  the  fun's  place  on  the  broad  paper 
circle. 

Consider  whether  the  year  in  which  you  feek 
the  fun’s  place  is  biflextile,  or  w  hether  it  is  the 
firft,  fecond,  or  third  year  after. 
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If  it  be  the  firf!  year  after  biflextile,  thofe  di- 
viiions  to  which  the  numbers  for  the  days  of  the 
month  are  affixed,  are  the  divifions  which  are  to 
be  taken  for  the  refpedrive  days  of  each  month 
of  that  year  at  noon ;  oppofitc  to  which,  in  the 
circle  of  twelve  figns,  is  the  fun’s  place. 

If  it  be  the  fecond  year  after  biflextile,  the 
firfl;  quarter  of  a  day  backwards,  or  towards  the 
left  hand,  is  the  day  of  the  month  for  that  year, 
again!!  w  hich,  as  before,  is  the  fun’s  place. 

If  it  be  the  third  year  after  bilfextile,  then 
three  quarters  of  a  day  backwards  is  the  day  of 
the  month  for  that  year,  oppofite  to  which  is  the 
fun’s  place. 

If  the  year  in  which  you  fee k  the  fun’s  place 
be  biflextile,  then  three  quarters  of  a  day  back¬ 
wards  is  the  day  of  the  month  from  the  if!  of 
January  to  the  28th  of  February  inclufive. 
The  intercalary,  or  29th  day,  is  three-fourths  of 
a  day  to  the  left  hand  from  the  1  f!  of  March, 
and  the  if!  March  itfelf  one  quarter  of  a  day 
forward,  from  the  divifion  marked  1 ;  and  f? 
for  every  day  in  the  remaining  part  of  the 
leap-year ;  and  oppofite  to  thefe  divifions  is 
the  fun’s  place. 

In  this  manner  the  intercalary  day  is  very 
'well  introduced  every  fourth  year  into  the  calen-, 
^ar»  and  the  fun’s  place  very  nearly  obtained, 
according  to  the  Julian  reckoning. 

U  2  Thus, 
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.  Thus, 

A  D  Sun’s  place.  Apr.  25* 

1 7 SB  Biffextile  -  -  b  5°  35 

1789  Firft  year  after  -  b  5  21 

1790  Second  b  5  6 

T791  Third  -  -  b  4  55 

Upon  my  lather’s  globes  there  are  twenty- 
three  parallels,  draw  n  at  the  diftance  of  one 
degree  from  each  other  on  both  fides  the  equa¬ 
tor,  w  hich  with  two  other  parallels  at  deg. 
diftance,  include  the  ecliptic  circle. 

The  two  outermoft  circles  are  called  the 
tropics ;  that  on  the  north  tide  of  the  equator  is 
called  the  tropic  of  Cancer,  that  which  is  on  the 
fouth  fule,  the  tropic  of  Capricorn. 

Now  as  the  ecliptic  is  inclined  to  the  equator, 
in  an  angle  of  degrees,  and  is  included  be¬ 
tween  the  tropics,  every  parallel  between  thefe 
muft  crofs  the  ecliptic  in  two  points,  which  two 
points  {hew:  the  fun’s  place  when  he  is  vertical 
to  the  inhabitants  of  that  parallel ;  and  the  days 
of  the  month  upon  the  broad  paper  circle  an- 
fw ering  to  thofe  points  of  the  ecliptic,  are  the 
davs  on  which  the  fun  pafles  di  redly  over  their 
heads  at  noon,  and  w  hich  are  fometimes  called 
their  two  midfummer  days. 

It  is  ufual  to  call  the  fun’s  diurnal  paths 
parallels  to  the  equator,  which  are  therefore  aptly 
feprefented  by  the  above-mentioned  parallel  cir¬ 
cles;  though  his  path  is  properly  a  fpiral  line, 

which 
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which  he  is  continually  defcribing  all  the  yca% 
appearing  to  move  daily  about  a  degree  in  the 
ecliptic. 

PROBLEM  XXII. 

To  find  the  fun’s  declination,  and  thence  the 
parallel  of  latitude  correfponding  thereto. 

Find  the  fun’s  place  for  the  given  day  in  the 
broad  paper  circle,  by  the  preceding  problem, 
and  feck  that  placejn  the  ecliptic  line  upon  the 
globe;  this  will  (hew  the  parallel  of  the  fun’s 
declination  among  the  above-mentioned  dotted 
lines,  which  is  alfo  the  correfponding  parallel  of 
latitude;  therefore,  all  thofe  places  through 
which  this  parallel  paifes,  have  the  fun  in  their 
zenith  at  noon  on  the  given  day. 

Thus  on  the  23d  of  May  the  fun’s  declination 
will  be  about  20  deg.  10  min.  ;  and  upon  the 
23d  of  Auguft  it  will  be  1 1  deg.  13  min.  What 
has  been  faid  in  the  firft  part  of  this  problem, 
will  lead  the  reader  to  the  folution  of  the  fol¬ 
low  ing, 

PROBLEM  XXI II. 

To  find  the  two  days  on  which  the  fun  is  in  the 
zenith  of  any  given  place  that  is  fituated  be¬ 
tween  the  two  tropics. 

That  parallel  of  declination  which  pafles . 
through  the  given  place,  will  cut  the  ecliptic 
U  3  line 
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line  upon  the  globe  in  two  points,  which  denote 
the  fun’s  place,  againd  which,  on  the  broad 
paper  circle,  are  the  days  and  months  required. 

PROBLEM  XXIV. 

The  day  and  hour  at  any  place  being  given, 
to  find  where  the  fun  is  vertical  at  that  time. 

Reiflify  the  globe  to  the  day  of  the  month, 
fee  page  284,  and  you  have  the  fun’s  declina¬ 
tion  ;  bring  the  given  place  to  the  meridian, 
and  fct  the  hour  index  to  XII  ;  turn  the  globe, 
till  the  index  points  to  the  given  hour  on  the 
equator;  then  will  the  place  be  under  the  degree 
of  the  declination  previoudy  found. 

Let  the  given  place  be  London,  and  time 
the  1  ith  day  of  May,  at  4  min.  pad  V  in  the 
afternoon ;  bring  the  1 1  th  of  May  to  coincide 
with  the  broad  paper  circle,  and  oppofite  to  it 
you  will  find  18  degrees  of  north  declination; 
as  London  is  the  given  place,  you  have  only  to 
turn  the  globe,  till  4  min.  pad  V  wedward  of 
it  is  on  the  meridian,  when  you  w  ill  find  Port- 
Royal,  in  Jamaica,  under  the  1 8th  degree  of 
the  meridian,  which  is  the  place  w  here  the  fun 
is  vertical  at  that  time. 

PROBLEM  XXV. 

The  time  of  the  day  at  any  one  place  being 
given,  to  find  all  thofe  places  w  here  ?,t  the 

fame 
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fame  inftant  the  fun  is  rifing,  fetting,  and  on 
the  meridian,  and  where  he  is  vertical ; 
likewife,  thofe  places  where  it  is  midnight, 
twilight,  and  dark  night  ;  as  well  as  thofe 
places  in  which  the  twilight  is  beginning 
and  ending ;  and  alfo  to  find  the  fun’s  alti¬ 
tude  at  any  hour  in  the  illuminated,  and 
his  depreilion  in  the  obfeure,  hemifphere. 

Rectify  the  globe  to  the  day  of  the  month, 
on  the  back  fide  of  the  ftrongbrafs  mer  Ilian, 
and  the  fun’s  declination  for  that  day ;  bring 
the  given  place  to  the  ftrong  brafs  meridian, 
and  fet  the  horary  ir  dex  tc  XII  upon  the  equa¬ 
tor  ;  turn  the  globe  from  weft  to  eaft,  until 
the  horary  index  points  to  the  given  time. 
Then 

All  thofe  places  which  lie  in  the  plane  of  the 
weftern  fide  of  the  broad  paper  circle,  fee  the 
fun  rifing,  and  at  the  fame  time  thofe  on  the 
eaftern  fide  of  it  fee  him  fetting. 

It  is  noon  to  all  the  inhabitants  of  thole 
places  under  the  upper  half  of  the  graduated 
fide  of  the  ftrong  brafs  meridian,  whilft  at  the 
lame  time  thole  under  the  low  er  half  have  mid¬ 
night. 

All  thofe  places  w  hich  are  betw  een  the  upper 
furface  of  the  broad  paper  circle,  and  the  wire 
circle  under  it,  are  in  the  tw  ilight,  which  be¬ 
gins  to  all  thofe  places  on  the  weftern  fide  that 
U4  are 
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are  immediately  under  the  wire  circle ;  it  ends 
at  all  thofe  which  are  in  the  plane  of  the  paper 
circle. 

The  contrary  happens  on  the  eaftern  fide  ; 
the  twilight  is  juft  beginning  to  thofe  places  in 
which  the  fun  is  fetting,  and  it’s  end  is  at  the 
place  juft  under  the  wire  circle. 

And  thofe  places  which  are  under  the  twi¬ 
light  wire  circle  have  dark  night,  unlefs  the 
moon  is  favourable  to  them. 

All  places  in  the  illuminated  hemifphcre 
have  the  fun’s  latitude  equal  to  their  diftance 
from  the  edge  of  the  enlightened  dife,  which  is 
known  by  fixing  the  quadrant  of  altitude  to  the 
zenith,  and  laying  it’s  graduated  edge  over  any 
particular  place. 

The  fun’s  depreffion  is  obtained  in  the  fame 
manner,  by  fixing  the  center  of  the  quadrant  at 
the  nadir. 

problem  xxvi. 

To  find  all  thofe  places  within  the  polar  circles, 
on  which  the  fun  begins  to  (hine,  the  time  he 
{bines  conftantly,  when  he  begins  to  difap- 
pcar,  the  length  of  his  abfence,  as  well 
as  the  firft  and  laft  day  of  his  appearance 
to  thofe  inhabitants  ;  the  day  of  the  month, 
or  latitude  of  the  place  being  given. 

Bring  the  given  day  of  the  month  on  the  back 
tide  of  the  ftrong  brafs  meridian,  to  the  plane 
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of  the  broad  paper  circle;  the  fun  is  juft  then 
beginning  to  fhine  on  all  thofe  places  which 
are  in  the  parallel  that  juft  touches  the  edge 
of  the  broad  paper  circle,  and  will  for  feveral 
days  feem  to  lkim  all  around,  and  but  a  little 
above  their  horizon,  juft  as  it  appears  to  us  at 
it’s  fetting;  but  with  this  obfervablc  diffe¬ 
rence,  that  v  hereas  our  fetting  fun  appears  in 
one  part  of  the  horizon  only,  by  them  it  is 
feen  in  every  part  thereof ;  from  weft  to  fouth, 
thence  eaft  to  north,  and  fo  to  weft  again. 

Or  if  the  latitude  begiven,  elevate  the  globe  to 
that  latitude,  and  on  the  back  of  the  ftrong  brafs 
meridian,  oppofite  to  the  latitude,  you  obtain  the 
day  of  the  month  ;  then  all  the  other  requifites 
are  anfwei  ed  as  above. 

As  the  two  concentric  fpaces  which  contain 
the  days  of  the  month  on  rhe  back  fide  of  the 
ftrong  brafs  meridian,  are  graduated  to  fhew  the 
oppofite  days  of  the  year,  at  1  80  degrees  diftance; 
when  the  given  day  is  brought  to  coincide  with 
the  broad  paper  circle,  it  lhews  when  the  fun 
begins  to  fhine  on  that  parallel,  which  is  the  firit 
day  of  it’s  appearance  above  the  horizon  of  that 
parallel. 

And  the  plane  of  the  broad  paper  circle  cuts 
the  day  of  the  month  on  the  oppofite  concentric 
lpacc,  when  the  fun  begins  to  difappear  to  thofe 
inhabitants. 
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The  length  of  the  longed:  day  is  obtained 
"by  reckoning  the  number  of  days  betw  een  the 
two  oppofite  days  found  as  above,  and  their 
difference  from  365  gives  the  length  of  their 
longeft  night. 

P  R  O  B  L  EM  XXVII. 

To  make  ufe  of  the  globe  as  a  tellurian,  or  that 
kind  of  orrery  which  is  chiefly  intended  to 
jlluftrate  the  phenomena  that  arife  from  .ne 
annual  and  diurnal  motions  of  the  earth. 
Defcribe  a  circle  with  chalk  upon  the  floor, 
as  large  as  the  room  will  admit  of,  fo  that  the 
globe  may  be  moved  round  upon  it ;  divide  this 
circle  into  twelve  parts,  and  mark  them  with  the 
characters  of  the  twelve  iigns,  as  they  are  en¬ 
graved  upon  the  broad  paper  circle;  placing  35 
at  the  north,  V?  at  the  fouth,  “f  in  the  eaft,-  and 
in  the  wefl  :  the  mariner’s  compafs  under  the 
globe  will  dire  ft  the  fltuation  of  thefe  points, 
if  the  variation  of  the  magnetic  needle  be  atten¬ 
ded  to. 

Note,  At  London  the  variation  is  between  23 
and  24'degrces  from  the  north  weft  ward. 

Elevate  the  north  pole  of  the  globe,  fo  that 
degrees  on  the  ftrong  brafs  meridian  may 
coincide  w  ith  the  furface  of  the  broad  paper  cir¬ 
cle,  and  this  circle  will  then  reprefent  the  plant; 

of 
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of  the  ecliptic,  or  a  plane  coinciding  with  the 
earth’s  orbit. 

Set  a  fmall  table,  or  a  ftool,  over  the  center  of 
the  chalked  circle,  to  reprefcntthe  fun,  and  place 
the  terreflrial  globe  upon  it’s  circumference 
over  the  point  marked  V$,  with  the  north  pole 
facing  the  imaginary  fun,  and  the  north  end  of 
the  needle  pointing  to  the  variation ;  and  the 
globe  will  be  in  the  pofition  of  the  earth  with 
tefpe<5l  to  the  fun  at  the  time  of  the  fummer  fol- 
ftice,  about  the  21ft  of  June;  and  the  earth’s 
a^is,  by  this  re&ification  of  the  globe,  is  incli- 
ned  to  the  plane  of  the  large  chalked  circle,  as 
well  as  to  the  plane  of  the  broad  paper  circle, 
in  an  angle  of  66}  degrees ;  a  line,  or  firing, 
palling  from  the  center  of  the  imaginary  fun  to 
that  of  the  globe,  will  reprefent  a  central  folar 
ray  conneding  the  centers  of  the  earth  and  fun: 
this  ray  will  fall  upon  the  firfl  point  of  Cancer, 
and  deferibe  that  circle,  fhewing  it  to  be  the 
fun’s  place  upon  the  terreflrial  ecliptic,  which 
is  the  fame  as  if  the  fun’s  place,  by  extending  the 
firing,  was  referred  to  the  oppofite  fide  of  the 
chalked  circle,  here  reprefenting  the  earth’s  path 
in  the  heavens. 

If  we  conceive  a  plane  to  pafs  through  the 
center  of  the  globe,  and  the  fun’s  center,  it  will 
alfo  pafs  through  the  points  of  Cancer  and  Ca¬ 
pricorn,  in  the  terreflrial  and  celeflial  ecliptic  ; 
lhe  central  folar  fay,  in  this  pofition  of  the 

earth, 
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earth,  isalfo  in  that  plane;  this  can  never  hap¬ 
pen  but  at  the  times  of  the  folftice. 

If  another  plane  be  conceived  to  pafs  through 
the  center  of  the  globe  at  right  angles  10  the  cen¬ 
tral  fol'ar  ray,  it  will  divide  the  globe  into  two 
hemifpheres ;  that  next  the  center  of  the  chalked 
circle  will  reprefent  the  earth’s  illuminated  dife, 
the  contrary  iide  of  the  fame  plane  will  at  the 
fame  time  Ihew  the  oblcure  hcmifphere. 

The  reader  may  realize  this  lecond  plane  by 
cutting  away  a  femicircle  from  a  fheet  of  card 
pafte-board,  with  a  radius  of  about  i-t  tenth  of 
an  inch  greater  than  that  of  the  globe  itfeif.* 

If  this  plane  be  applied  to  66j  degrees  upon 
the  ftrong  brafs  meridian,  it  will  be  in  the  pole  of 
the  ecliptic  ;  and  in  every  fituation  of  the  globe 
round  the  circumference  ol  the  chalked  circle,  it 
will  afford  a  lively  and  lading  idea  of  the  various 
phaenomcna  arifing  from  the  parallelifm  of  the 
earth’s  axis,  and  in  particular  the  daily  change  of 
the  fun’s  declination,  and  the  parallels  thereby 
deferibed. 

Let  the  globe  be  removed  from  Vj>  to  $nd 
the  needle  pointing  to  the  variation  as  before, 
will  preferve  the  parallelifm  of  the  earth’s  axis ; 
then  it  will  be  plain,  that  the  ffring,  or  central 
iolar  ray,  will  fall  upon  the  firrt  point  ol  Leo, 
fix  fiens  diftant  from,  but  oppolite  to  the  lign 
°  upon 

•  Or  he  may  have  a  plane  made  of  wood  for  this  purpqfe. 
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upon  which  the  globe  (lands  ;  the  central  folar 
ray  will  now  deferibe  the  20th  parallel  of  north 
declination,  which  will  be  about  the  2 id  of 
July. 

If  the  globe  be  moved  in  this  manner  from 
point  to  point  round  the  circumference  of  the 
chalked  circle,  and  care  be  taken  at  every  remo¬ 
val  that  the  north  end  of  the  magnetic  needle, 
w  hen  fettled,  points  to  the  degree  of  the  variation, 
the  north  pole  of  the  globe  will  be  obferved  to 
recede  from  the  line  connecting  the  centers  of 
the  eVth  and  fun,  until  the  globe  is  placed  upon 
the  point  Cancer;  after  which,  it  will  at  every 
removal  tend  more  and  more  towards  the  faid 
line,  till  it  comes  to  Capricorn  again. 

problem  xxviii. 

To  rectify  either  globe  to  the  latitude  and  horizon 
of  any  place. 

If  the  place  be  in  north  latitude,  raife  the 
north  pole  ;  if  in  fouth  latitude,  raife  the  fouth 
pole,  until  the  degree  of  the  given  .  latitude, 
reckoned  on  the  flrong'brafs  meridian  under  the 
eleVated  pole,  cuts  the  plane  of  the  broad  paper 
circle  ;  then  this  circle  w  ill  reprefent  the  horizon* 
°I  that  place. 


J 
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PROBLEM  XXIX. 

To  ratify  for  the  fun’s  place. 

After  the  former  rectification,  bring  the  de¬ 
grees  of  the  fun's  place  in  the  ecliptic  line  upon 
the  globe  to  the  ftrong  brals  meridian,  and  fet 
the  horary  index  to  that  Xllth  hour  upon  the 
equator  which  is  moft  elevated* 

Or,  if  the  fun's  place  is  to  be  retained,  to  an- 
fwer  various  conclufions,  bring  the  graduated 
edge  of  the  moveable  meridian  to  the  degree  of 
the  fun's  place  in  the  ecliptic,  and  Aide  the  wire 
which  erodes  the  center  of  the  artificial  horizon 
thereto  ;  then  bring  it’s  center,  which  is  the  in- 
terfedion  of  the  aforeiaid  w  ire,  and  graduated 
edge  of  the  moveable  meridian,  under  the  ftrong 
brafs  mcridiarr  as  before,  and  fet  the  horary  in¬ 
dex  to  that  XII  on  the  equator  which  is  moft 
elevated. 

PROBLEM  XXX. 

To  redify  for  the  zenith  of  any  place. 

After  the  firft  redification,  ferew  the  nut  of 
^  the  quadrant  of  altituJe  fo  many  degrees  from 
the  equator,  reckoned  on  the  ftrong  brafs  me¬ 
ridian  towards  the  elevated  pole,  as  that  pole  is 
raifed  above  the  plane  of  the  broad  paper  circle, 
and  that  point  will  represent  the  zenith  of  the 
place. 


Note, 
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Note,  The  zenith  and  nadir  are  the  poles  of 
the  horizon,  the  former  being  a  point  dire&Iy 
over  our  heads,  and  the  latter,  one  dire&ly  under 
our  feet. 

If  when  the  globe  is  in  this  date,  we  look  on 
the  oppofite  fide,  the  plane  of  the  horizon  will 
cut  the  ltrong  brafs  meridian  at  the  complement 
of  the  latitude,  which  is  alfo  the  elevation  of  the 
equator  above  the  horizon. 

Of  the  Solution  of  some  Problems,  in  which 
the  broad  Paper  Circle  is  considered  as 
#  the  rational  Horizon. 

PROBLEM  XXXI. 

To  fhewi  at  one  view  upon  the  terreftrial  globe, 
for  any  given  place,  the  fun's  meridian  alti¬ 
tude,  his  amplitude,  or  point  of  the  compafs, 
on  which  he  rifes  and  fets  every  day  in  the 
year. 

Rctftify  the  globe  to  the  latitude  of  the  given 
place,  bring  that  place  to  the  ftrong  brafs  me¬ 
ridian,  and  fet  the  horary  index  to  XII ;  ferew 
the  quadrant  of  altitude  to  the  zenith  of  the 
horizon,  and  bring  it  to  the  brafs  meridian. 

You  will  then  at  one  view  fee  the  fun’s  me¬ 
ridian  altitude  on  every  degree  of  the  fuft's  decli¬ 
nation  for  the  w  hole  year,  cut  by  the  graduated. 
edge  of  the  quadrant  of  altitude,  on  the  dotted 
parallels. 

-  Thefc 
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Thcfe  dotted  parallels  at  the  fame  inftant  alfo 
cut  the  edge  of  the  broad  paper  circle,  now  re- 
prefenting  the  horizon,  rn  the  point  of  the  com- 
pafs,  or  amplitude,  on  which  the  fun  is  feen  to 
rife  on  the  eaft,  or  to  fet  on  the  weft  fide  of  the 
horizon,  for  every  degree  of  declination  through¬ 
out  the  year. 

If  you  trace  any  of  thofe  parallels  to  the  eclip¬ 
tic  line,  you  have  the  fun’s  place  when  he  is  upon 
that  declination,  and  thence  the  day  and  month 
upon  the  horizon. 

Alfo,  the  knowledge  of  the  fun’s  place  in  the 
ecliptic  line,  {hews  the  fun’s  declination  for  thafc 
time  amongft  the  dotted  parallels.. 

PROBLEM  XXXII. 

To  fhew  at  pne  view  upon  the  terreftrial  globe  the 
length  of  the  days  and  niglf  ts  at  any'  particular 
place,  for  all  times  of  the  year. 

Rectify  the  globe  to  the  latitude  of  the  place, 
and  the  broad  paper  circle  will  reprefent  the 
pot izon-;  and  the  upper  part  of  the  dotted 
parallels  of  declination,  which  are  here  alfo  pa- 
rttlkls*  of  latitude,  will  reprefent  the  diurnal 
arches. 

Whence  we  may  obtain  the  number  of  hours 
each  of  them  contains,  which  is  the  folution  of 
the  problem.  To  illuftrate  this, 

Elevate  the  gldbc  to  the  pofttion  of  a  right 
fghere,  and  you  will,  with  one  glance  of  the  eye,. 
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Tee  that  all  the  dotted  parallels  of  declination,  as 
^  ell  as  the  equator  itfelf,  are  cut  by  the  horizon 
into  two  equal  parts. 

Therefore  the  inhabitants  on  the  equinoflial 
line  have  their  days  and  nights  twelve  hours 
i°ng ;  that  is,  the  fun  is  never  more,  nor  ever 
lefs than  twelve  hoursabove  their  horizon,  during 
ins  apparent  paflage  from  the  tropic  of  Cancer 
to  the  tropic  of  Capricorn,  and  thence  to  Can¬ 
cer  again. 

All  the  fixed  ftars  have  the  fame  apparent  mo¬ 
tion  to  the  equatorial  inhabitants ;  that  is,  they 
rife  and  let,  continue  above,  and  are  deprefled 
below  the  horizon  of  any  place  upon  the  equator, 
exactly  twelve  hours. 

Raife  the  north  pole  of  the  globe  a  few  degrees 
of  latitude  at  a  time,  and  you  will  fee  the  diurnal 
arches  increafe  in  length,  until  the  pole  is  eleva¬ 
ted  to  66 1  degrees  above  the  horizon  j  then  the 
parallel  of  the  fun’s  greateft  declination  will  be 
as  far  from  the  equator  as  the  place  itfelf  is  from 

pole  ;  and  this  parallel  is  the  tropic  of  Can- 
Cer>  which  will  juft  touch  the  horizon  in  the 
n°rth  point. 

And  on  the  contrary,  we  may  obferve  that  the 
fouthern  parallels  of  declination  continually 
Horten,  as  the  northern  ones  lengthen,  until  they 
come  to  the  tropic  of  Capricorn. 

Rectify  the  globe  to  t  he  latitude  of  London, 

5  tf  degrees  north  j  when  the  fun  is  in  the  tropic 
X  of 
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of  Cancer,  the  day  is  about  i6i  hours;  as  he  re¬ 
cedes  from  thence,  the  days  fhorten,  as  the  length 
of  the  diurnal  arches  of  the  parallels  fhorten,  un¬ 
til  the  fun  comes  to  Capricorn,  and  then  the  days 
are  at  the  fhorteft,  being  of  the  fame  length  with 
the'nights  when  the  fun  was  in  Cancer,  viz. 
about  7!  hours. 

Rectify  the|globe  to  the  altitude  of  the  northern 
polar  circle,  and  you  will  find,  when  the  fun  is 
in  Cancer,  he  touches  the  horizon  on  that  day 
without  fetting,  being  completely  twenty-four 
hours  above  the  horizon  ;  and  when  he  is  in  Ca¬ 
pricorn,  he  once  appears  in  the  horizon,  but 
does  not  rife  for  the  fpace  of  twenty-four  hours  ; 
when  he  is  upon  any  other  parallel  of  declination, 
the  days  are  longer  or  fhortcr,  as  that  parallel  is 
nearer  to,  or  farther  from  the  equator. 

Elevate  the  globe  to  the  latitude  of  80  degrees 
north,  at  which  time  let  the  fun’s  declination  be 
10  degrees  north,  he  then  apparently  feems  to 
turn  round  above  the  horizon  without  letting, 
and  never  fets  from  this  point  to  Cancer,  until  in 
his  return,  after  he  has  again  pafied  this  parallel 
of  declination. 

In  the  fame  manner,  when  his  declination  is 
10  degrees  fouth,  he  is  juft  feen  at  noon  in  the 
horizon,  and  difappears  from  that  time  in  his 
foutherly  motion,  till  his  return  to  the  fame 
point. 
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Elevate  the  north  pole  to  90  degrees,  or  in 
the  zenith,  then  the  globe  will  be  in  the  pofition 
of  a  parallel  fphere,  and  the  equino&ial  line  will 
coincide  with  the  plane  of  the  horizon ;  confe- 
quently  all  the  northern  parallels  are  above,  and 
all  the  fouthern  parallels  below  the  horizon ; 
therefore,  the  polar  inhabitants,  if  any  there  be, 
have  but  one  day  and  one  night  throughout  the 
year;  their  day,  when  the  fun  is  in  his  northern, 
and  their  night,  when  he  is  in  his  fouthern  decli¬ 
nation. 

PROBLEM  XXXIIt. 

To  find  the  angle  of  pofition  of  places. 

The  angle  of  pofition  is  that  formed  betweert 
the  meridian  of  one  of  the  places,  and  a  great 
circle  palling  through  the  other  place. 

Redify  the  globe  to  the  latitude  and  zenith  of 
°ne  of  the  places,  bring  that  place  to  the  ftrong 
krafs  meridian,  fet  the  graduated  edge  of  the 
quadrant  to  the  other  place,  and  the  number  of 
degrees  contained  between  it  and  the  ftrong  brafs 
Meridian,  is  the  meafure  of  the  angle  fought. 
Thus, 

The  angle  of  pofition  between  the  meridian  of 
^ape  Clear,  in  Ireland,  and  St.  Auguftine,  in 
orida,  is  about  82  degrees  north  wefterly;  but 
e  angle  of  pofition  between  St.  Auguftine  and 
X  2  Cape 
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Cape  Clear,  is  only  about  46  degrees  north 
eafterly. 

Hence  it  is  plain,  that  the  line  of  pofuion,  or 
azimuth,  is  not  the  fame  from  either  place  to  the 
other,  as  the  romb  lines  arc. 

PROBLEM  XXXIV. 

To  find  the  bearing  of  one  place  from  anothei. 

The  bearing  of  one  fea-port  from  another  is 
determined  by  a  kind  of  fpiral,  called  a  romb- 
line  palling  from  one  to  the  other,  fo  as  to 
make  equal  angles  with  all  the  meridians  it  paf- 
feth  by;  therefore,  if  both  places  are  fituated  on 
the  fame  parallel  of  latitude,  their  bearing  is 
cither  eaft  or  weft  from  each  other  ;  if  they  are 
upon  the  fame  meridian,  they  bear  north  and 
fouth  from  one  another ;  if  they  lie  upon  a  romb- 
line,  their  bearing  is  the  fame  with  it ;  if  they  do 
not,  obferve  to  which  romb-line  the  two  places 
are  neared  parallel,  and  that  will  fhew  the  bear- 
ing  fought. 

Example.  Thus  the  bearing  of  the  Lizard 
point  from  the  ifland  of  Bermudas,  is  nearly 
E.  N.  E.;  and  that  of  Bermudas  from  the 
Lizard  is  W.  S.  W.  both  nearly  upon  the  fame 
romb-line,  but  in  contrary  dire&ions. 


Of 
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Of  the  Solution  of  Problems,  by  exposing 
tiie  Globes  to  the  Sun’s  Rays. 

In  the  year  1679,  J.  Moxon  publifhed  a  trea- 
*ife  on  what  he  called"  Tiie  English  Globe  ; 
being  (fays  he)  a  ftabil  and  immobil  one,  per¬ 
forming  what  the  ordinary  globes  do,  and  much 
more ;  invented  and  defcribed  by  the  Right 
Hon.  the  Earl  of  Caftlemaine."  This  globe 
"as  deligned  to  perform,  by  being  merely  ex- 
pofed  to  the  fun’s  rays,  all  thofe  proolems  which 
ln  lhe  ufual  way  are  folved  by  the  adventitious 
aid  of  brazen  meridians,  hour  indexes,  &c. 

My  father  thought  that  this  method  might 
be  ufelul,  to  ground  more  deeply  in  the  young 
pupil  s  mind,  thofe  principles  which  the  globes 
are  intended  to  explain  ;  and  by  giving  him  a  dif¬ 
ferent  view  of  the  fubjeft,  improve  and  (Lengthen 
bis  mind;  he  therefore  inferted  on  his  globes 
fome  lines,  for  the  purpofe  of  folving  a  few  pro¬ 
blems  in  Lord  Caftlemaine’s  manner. 

It  appears  to  me,  from  a  copy  ofiyioxon’s 
publication,  which  is  in  my  pofleflion,  that  the 
HiH  of  Calllemaine  projects  a  new  edition  of 
bis  works,  as  the  copy  contains  a  great  number 
°f  corrections,  many  alterations,  and  fome  ad¬ 
ditions.  It  is  not  very  improbable,  that  at  fome 
uture  day  I  may  re  publilh  this  curious  work, 
and  adapt  a  fmall  globe  for  the  folurion  of  the 
problems. 

*3 
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The  meridians  on  our  n:w  terreftrial  globes 
being  fecondaries  to  the  equator,  are  alfo  hour 
circles,  and  are  marked  as  fuch  with  Roman 
figures,  under  the  equator,  and  at  the  polar  cir¬ 
cles.  But  there  is  a  difference  in  the  figures 
placed  to  the  fame  hour  circle;  it  it  cuts  the  II Id 
hour  upon  the  polar  circles,  it  will  cut  the  IXth 
hour  upon  the  equator,  which  is  fix  hours  later, 
and  fo  of  all  the  reft. 

Through  the  great  Pacific  fea,  and  the  inter- 
fe&ion  of  Libra,  is  drawn  a  broad  meridian  from 
pole  to  pole ;  it  pafles  through  the  XII fch  hour 
upon  the  equator,  and  the  Vlth  hour  upon  each 
of  the  polar  circles  ;  this  hour  circle.is  graduated 
'  into  degrees  and  parts,  and  numbered  from  the 
equator  towards  either  pole. 

There  is  another  broad  meridian  pafiing 
through  the  Pacific  fea,  at  the  IXth  hour  upon 
the  equator,  and  the  Illd  hour  upon  each  polar 
circle  ;  this  contains  only  one  quadrant,  or  90 
degtees ;  the  numbers  annexed  to  it  begin  at  the 
northern  polar  circle,  and  end  at  the  tropic  of 
Capricorn. 

Here  we  muft  likewife  obferve,  there  are  23 
concentric  circles  drawn  upon  the  terreftrial 
globe  within  the  northern  and  fouthern  polar 
circles,  which  for  the  future  we  fhall  call  polar 
parallels;  they  are  placed  at  the  diftance  of  one 
degree  from  each  other,  and  reprefent  the  paral¬ 
lels  of  the  fun’s  declination,  but  in  a  different 

manner 
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manner  from  the  47  parallels  betwen  the  tro¬ 
pics. 

The  following  problems  require  the  globe  to 
be  placed  upon  a  plane  that  is  level,  or  truly  hori¬ 
zontal,  which  is  cafily  attained,  if  the  floor,  pave¬ 
ment,  gravel-walk  in  the  garden,  &c.  lhould 
not  happen  to  be  horizontal. 

A  flat  feafoned  board,  or  any  box  which  is 
about  two  feet  broad,  or  two  feet  fquare,  if  the 
top  be  perfe&ly  flat,  will  anfwer  the  purpofe; 
the  upper  furface  of  either  may  be  fet  truly  hori¬ 
zontal,  by  the  help  of  a  pocket  fpirit  level,  or 
plumb  rule,  if  you  raife  or  deprefs  this  or  that 
flde  by  a  wedge  or  two,  as  the  fpirit  level  (hall 
dire<5l ;  if  you  have  a  meridian  line  drawn  on  the 
place  over  which  you  fubftitutc  this  horizontal 
plane,  it  may  be  readily  transferred  from  thence 
to  the  furface  juft  levelled  ;  this  being  done,  we 
are  prepared  for  the  folution  of  the  following 
problems. 

It  will  be  neceflary  to  define  a  term  we  are 
obliged  to  make  ufe  of  in  the  folution  of  thefe 
problems,  namely,  the  shade  of  extuber^cy: 
hy  this  is  meant  that  ftiade  which  is  caufed  by 
the  fphericity  of  the  globe,  and  anfwers  to  what 
W,e  have  heretofore  named  the  terminator,  defi- 
ning  the  boundaries  of  the  illuminated  and  ob- 
fcure  parts  of  the  globe  ;  this  circle  w  as,  in  the 
folution  of  feme  of  the  foregoing  problems,  re- 
X  4  prefented 
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preferred  by  the  broad  paper  circle,  but  is  here 
realized  by  the  rays  of  the  fun. 

PROBLEM  XXXV. 

To  obferve  the  fun’s  altitude  (by  the  terreft rial 
globe)  when  he  fhines  bright,  or  when  he 
.  can  but  juft  be  difeerned  through  a  cloud. 

Elevate  the  north  pole  of  the  globe  to  66i 
degrees;  bring  that  meridian,  or  hour  circle, 
which  patTes  through  the  lXth  hour  upon  the 
equator,  under  the  graduated  fide  of  the  ftrong 
brafs  meridian;  the  globe  being  now  fpt  upon 
the  horizontal  plane,  turn  it  about  thereon, 
frame  and  all,  that  the  fhadow  of  the  ftrong 
brafs  meridian  may  fall  direddy  under  itfell  ; 
or  in  other  words,  that  the  lhade  of  it’s  gradua¬ 
ted  face  may  fall  exa&ly  upon  the  aforefaid 
jiour  circle;  at  that  inftant  the  (hade  of  extube- 
rancy  will  touch  the  true  degree  of  the  fun’s 
altitude  upon  that  meridian,  which  paffes 
through  the  IXth  hour  upon  the  equator,  rec¬ 
koned  from  the  polar  circle,  the  moft  elevated 
part  of  which  will  then  be  in  the  zenith  of  the 
place  where  this  operation  is  performed,  and 
is  the  fame  whether  it  Ihould  happen  to  be 
either  in  north  or  fouth  latitude. 

Thus  we  may,  in  an  ealy  and  natural  manner, 
obtain  the  altitude  of  the  fun,  at  any  time  of  the 

day, 
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day,  by  the  terreftrial  globe ;  for  it  is  very  plain, 
when  the  fun  rifes,  he  brufhes  the  zenith  and 
nadir  of  the  globe  by  his  rays;  and  as  he  always 
illuminates  half  of  it,  (or  a  few  minutes  more, 
3s  his  globe  is  confiderably  larger  that  that  of 
the  earth)  therefore  when  the  fun  is  rifen  a  de¬ 
gree  higher,  he  muft  neceflarily  illuminate  a 
degree  beyond  the  zenith,  and  fo  on  propor- 
tionably  from  time  to  time. 

But  as  the  illuminated  part  is  fomewhat  more 
than  half,  dedud  13  minutes  from  the  fliade  of 
extuberancy,  and  you  have  the  fun’s  altitude 
with  tolerable  exadnefs. 

If  you  have  any  doubt  how  far  the  fliade  of 
extuberancy  reaches,  hold  a  pin,  or  your  finger, 
on  the  globe,  between  the  fun  and  point  in  dif- 
pute,  and  where  the  fliade  of  either  is  loft,  will 
be  the  point  fought. 

When  the  fun  does  not.fhine  bright  enough  to 
caft  a  fliadow. 

Turn  the  meridian  of  the  globe  towards  the 
fun,  as  before,  or  dired  it  fo  that  it  may  lie  in 
the  fame  plane  with  it,  which  may  be  done  if 
you  have  but  the  lcaftglimpfe  of  the  fun  through 
a  cloud  ;  hold  a  firing  in  both  hands,  it  having 
firft  been  put  between  the  ftrong  brafs  meridian 
and  the  globe  ;  ftretch  it  at  right  angles  to  the 
fperidian,  and  apply  your  face  near  to  the  globe, 

moving 
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moving  your  eye  lower  and  lower,  till  you  can 
but  juft  fee  the  fun;  then  bring  the  firing  held 
as  before  to  this  point  upon  the  globe,  that  it 
may  juft  obfcure  the  fun  from  your  fight,  and 
the  degree  on  the  aforefaid  hour  circle,  which 
the  firing  then  lies  upon,  will  be  the  fun’s  al¬ 
titude  required,  for  his  rays  would  fhewr  the 
fame  point  if  he  fhone  out  bright. 

Note,  The  moon’s  altitude  may  be  obferved 
by  either  of  thefe  methods,  and  the  alutude  of 
any  flar  by  the  laft  of  them. 

PROBLEM  XXXVI. 

To  place  the  terreftrial  globe  in  the  fun’s  rays, 
that  it  may  reprefent  the  natural  pofition  of 
the  earth,  either  by-a.  meridian  line,  or  with¬ 
out  it. 

If  you  have  a  meridian  line,  fet  the  north  and 
Ibuth  points  of  the  broad  paper  circle  di redly 
over  it,  the  north  pole  of  the  globe  being 
elevated  to  the  latitude  of  the  place,  and  ftand- 
ing  upon  a  level  plane,  bring  the  place  you  arc 
in  under  the  graduated  fide  of  the  ftrong  brafs 
meridian,  then  the  poles  and  parallel  circles 
upon  the  globe  will,  without  fenfible  error, 
correfpond  with  thofe  in  the  heavens,  and  each 
point,  kingdom,  and  ftate,  will  be  turned  to¬ 
wards  the  real  one  which  it  reprefents. 


If 
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If  you  have  no  meridian  line,  then  the  day  of 
the  month  being  known,  find  the  fun’s  declina¬ 
tion  as  before  inftru<fted,  which  will  dired:  you 
to  the  parallel  of  the  day,  among!!:  the  polar 
parallels,  reckoned  from  either  pole  towards 
the  polar  circle  ;  which  you  are  to  remember. 

Set  the  globe  upoij  your  norizontal  planen 
the  fun-fhine,  and  put  it  nearly  north  and  fouth 
hy  the  mariner’s  compafs,  it  being  firft  elevated 
to  the  latitude  of  the  place,  and  the  place 
itfelf  brought  under  the  graduated  fide  of  the 
ftrong  brals  meridian;  then  move  the  frame 
and  globe  together,  till  the  fhade  of  extube- 
rancy,  or  term  of  illumination,  juft  touches  the 
polar  parallel  for  the  day,  and  the  globe  will  be 
fettled  as  before;  and  if  accurately  performed, 
the  variation  of  the  magnetic  needle  will  be 
ftiewn  by  the  degree  to  which  it  points  in  the 
compafs  box. 

And  here  oblerve,  if  the  parallel  for  the  day 
Should  not  happen  to  fall  on  any  one  of  thofe 
drawn  upon  the  globe,  you  are  to  eftimatc  a 
proportionable  part  between  them,  and  reckon 
that  the  parallel  of  the  day.  If  we  had  drawn 
more»  the  globe  w’ould  have  been  confided. 

I  he  rcafon  of  this  operation  is,  that  as  the 
*un  illuminates  half  the  globe,  the  lhade  of 
extuberancy  will  conftantly  be  90  degrees  from 
the  point  wherein  the  fun  is  vertical. 
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If  the  fun  be  in  the  equator,  the  {hade  and 
illumination  muft  terminate  in  the  poles  of  the 
world  ;  and  when  he  is  m  any  other  diurnal 
parallel,  the  terms  of  illumination  mult  fall 
ihort  of,  or  go  beyond  either  pole,  as  many 
degrees  as  the  parallel  which  the  fun  defcribes 
that  day  is  diftant  from  the  equator  ;  therefore, 
when  the  {hade  of  extuberancy  touches  the  polar 
parallel  for  the  day,  the  artificial  globe  will  be 
in  the  fame  polition,  with  refpedh  to  the  fun,  as 
the  earth  really  is,  and  w  ill  be  illuminated  in 
the  fame  manner. 

PROBLEM  XXXVII. 

To  find  naturally  the  fun’s  declination,  diurnal 
parallel,  and  his  place  thereon. 

The  globe  being  let  upon  an  horizontal  plane, 
andadjuftedby  a  meridian  line  or  other  wife,  ob- 
ferve  upon  which,  or  between  which  polar  pa¬ 
rallel  the  term  of  illumination  falls ;  it’s  diftance 
from  the  pole  is  the  degree  of  the  fun’s  declina¬ 
tion  ;  reckon  this  difbmce  from  the  equator 
among  the  larger  parallels,  and  yoy  have  the 
parallel  which  the  fun  defcribes  that  day;  upon 
w  hich  if  you  move  a  card,  cut  in  the  form  of  a 
double  fquare,  until  it’s  {hadow  falls  under 
itfelf,  you  w  ill  obtain  the  very  place  upon 
that  parallel  over  which  the  furt  is  vertical  at 
any  hour  of  that  day,  if  you  fet  the  place  you 
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■are  in  under  the  graduated  fide  of  the  ftrong 
brafs  meridian. 

Note,  The  moon’s  declination,  diurnal  paral¬ 
lel,  and  place,  may  be  found  in  the  fame  man¬ 
ner.  Likewife,  when  the  fun  does  not  fliine 
bright,  his  declination,  &c.  may  be  found 
by  an  application  in  the  manner  of  pro¬ 
blem  35. 


PROBLEM  XXXVIII. 

To  find  the  fun’s  azimuth  naturally. 

If  a  great  circle,  at  right  angles  to  the  hori¬ 
zon,  pafies  through  the  zenith  and  nadir,  and 
alfo  through  the  fun’s  center,  it’s  difiance  from 
the  meridian  in  the  morning  or  evening  of  any 
day,  reckoned  upon  the  degrees  on  the  inner 
edge  of  the  broad  paper  circle,  will  give  the 
azimuth  required. 

METHOD  I, 

Elevate  either  pole  to  the  pofition  of  a  paral¬ 
lel  fphefe,  by  bringing  the  north  pole  in  north 
latitude,  and  the  fouth  pole  in  fouth  latitude, 
into  the  zenith  of  the  broad  paper  circle,  having 
firfi  placed  the  globe  upon  your  meridian  line, 
°r  by  the  other  method  before  preferibed ; 
bold  up  a  plumb  line,  fo  that  it  may  pafs  freely 
near  the  outward  edge  of  the  broad  paper  circle, 

and 
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and  move  it  fo  that  the  fhadow  of  the  firing 
may  fill  upon  the  elevated  pole  ;  then  call:  your 
eye  immediately  to  it’s  fhadow  on  the  broad 
paper  circle,  and  the  degree  it  there  falls  upon 
is  the  fun’s  azimuth  at  that  time,  which  may 
be  reckoned  from  either  the  fouth  or  north 
points  of  the  horizon. 

MET  HO  D  II. 

If  you  have  only  a  glimpfe,  or  faint  fight  of 
the  fun,  the  globe  being  adjufled  as  before, 
(land  on  the  fhady  fide,  and  hold  the  plumb 
line  on  that  fide  alfo,  and  move  it  till  it  cuts 
the  fun’s  center,  and  the  elevated  pole  at  the 
fame  time;  then  call  your  eye  towards  the 
broad  paper  circle,  and  the  degree  it  there  cuts 
is  the  fun’s  azimuth,  which  mufl  be  reckoned 
from  the  oppofite  cardinal  point. 

problem  xxxix. 

To  fhew  that  in  fome  places  of  the  earth’s  fur- 
face,  the  fun  will  be  twice  on  the  fame 
azimuth  in  the  morning,  twice  on  the  fame 
azimuth  in  the  afternoon  *•  or  in  other  words. 

When  the  declination  of  the  fun  exceeds  the 
latitude  of  any  place,  on  either  fide  of  the  equa¬ 
tor,  the  fun  will  be  on  the  fame  azimuth  twice 
in  the  morning,  and  twice  in  the  afternoon. 
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Thus,  fuppofe  the  globe  redtified  to  the  lati¬ 
tude  of  Antigua,  which  is  about  17  deg.  of 
north  latitude,  and  the  fun  to  be  in  the  begin¬ 
ning  of  Cancer,  or  to  have  the  greateft  north 
declination;  fet  the  quadrant  of  altitude  to  the 
2 1  ft  degree  north  of  the  eaft  in  the  horizon, 
and  turn  the  globe  upon  it’s  axis,  the  fun’s 
center  will  be  on  that  azimuth  at  6  h.  30  min. 
and  alfo  at  10  h.  30  min.  in  the  morning.  At 
8  h.  30  min.  the  fun  will  be  as  it  were  ftation- 
ary,  with  refped  to  it’s  azimuth,  for  fome 
tlrne ;  as  it  w  ill  appear  by  placing  the  quadrant 
altitude  to  the  17th  degree  north  of  the  eaft 
in  the  horizon.  If  the  quadrant  be  fet  to  the 
fame  degrees  north  of  the  weft,  the  fun’s  center 
\vill  crofs  it  twice  as  it  approaches  the  horizon 
in  the  afternoon. 

This  appearance  will  happen  more  or  lefs  to 
all  places  fituated  in  the  torrid  zone,  whenever 
the  fun’s  declination  exceeds  their  latitude ;  and 
from  hence  we  may  infer,  that  the  fhadow  of  a 
dial,  whofe  gnomon  is  ereded  perpendicular  to 
an  horizontal  plane,  muft  neceflarily  go  back 
feveral  degrees  on  the  fame  day. 

But  as  this  can  only  happen  within  the  torrid 
z°ne,  and  as  Jerufalcm  lies  about  8  degrees  to 
the-  north  of  the  tropic  of  Cancer,  the  retrocef* 
fl°n  of  the  lhadow  on  the  dial  of  Ahaz,  at  Jeru- 
£dem,  was,  in  the  ftricteft  fignification  of  the 
"ord,  miraculous. 
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PROBLEM  XL. 

To  obferve  the  hour  of  the  day  in  the  mod 
natural  manner,  when  the  terredrial  globe  is 
properly  placed  in  the  fun-fliine. 

'  There  are  many  ways  to  perform  this  opera¬ 
tion  with  refpect  to  the  hour,  three  of  which  are 
here  inferted,  being  general  to  all  the  inhabi¬ 
tants  of  the  earth;  a  fourth  is  added,  peculiar 
to  thofe  of  London,  which  will  anfwer,  without 
fenfible  error,  at  any  place  not  exceeding  the 
didance  of  60  miles  from  this  capital. 

id.  By  a  natural  dile. 

Having  rectified  the  globe  as  before  directed, 
and  placed  it  upon  an  horizontal  plane  oyer 
your  meridian  line,  or  by  the  other  method, 
hold  a  long  pin  upon  the  illuminated  pole,  in 
the  direction  of  the  polar  axis,  and  it’s  fhadow 
v.  ill  (hew  the  hour  of  the  day  amongd  the  polar 
parallels. 

The  axis  of  the  globe  being  the  common 
fection  of  the  hour  circles,  is  in  the  plane  of 
each  ;  and  as  we  fuppofe  the  globe  to  be  pro¬ 
perly  adjuded,  they  will  corrcfpond  with  thofe 
jn  the  heavens  ;  therefore,  the  diade  of  a  pin, 
which  Is  the  axis  continued,  mud  fall  upon  the 
true  hour  circle. 


sndly* 
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2ndly,  By  an  artificial  fiile. 

Tye  a  /mall  firing,  with  a  noofe,  round  the 
elevated  pole,  firetch  it’s  other  end  beyond  the 
globe,  and  move  it  fo  that  the  fhadow  of  the 
firing  may  fall  upon  the  deprefled  axis  ;  at  that 
mfiant  it’s  (hadow  upon  the  equator  will  give 
the  folar  hour  to  a  minute. 

But  remember,  that  cither  the  autumnal  or 
vernal  equinoctial  colure  muft  firft  be  placed 
under  the  graduate^  fide  of  the  ftrong  brafs 
Meridian,  before  you  obferve  the  hour,  each  of 
thefe  being  marked  upon  the  equator  with  the 
hour  XII. 

The  firing  in  this  lafi  cafe  being  moved  into 
the  plane  of  the  fun,  corresponds  with  the  true 
hour  circle,  and  cor/equently  gives  the  true 
hour. 

3dly,  Without  any  ftile  at  all. 

Every  thing  being  re&ified  as  before,  look 
where  the  {hade  of  extuberancy  cuts  the  equator, 
tfie  colure  being  under  the  graduated  fide  of 
firong  brafs  meridian,  and  you  obtain  the 
h°ur  in  two  piaces  Upon  the  equator,  one 
°*  them  going  before,  and  the  other  follow- 
the  fun. 

.Note,  If  this  (hade  be  dubious,  apply  a  pin, 
0r  your  finger,  as  before  dire&ed. 
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The  reafon  is,  that  the  (hade  of  extuberancy 
being  a  great  circle,  cuts  the  equator  in  half, 
and  the  fun,  in  whatfoever  parallel  ol  declina¬ 
tion  he  may  happen  to  be,  is  always  in  the  pole 
of  the  fhade;  confequently  the  confines  of  light 
and  lhade  wilt  fhew  the  true  hour  of  the  day. 

4thly,  Peculiar  to  the  inhabitants  of  I -ondon, 
and  any  place  within  the  diflance  of  fixty 
miles  from  it. 

The  globe  being  every  4  ay  adjufled  as  before, 
and  London  brought  under  the  graduated  fide 
of  the  flrong  brafs  meridian,  hold  up  a  plumb 
line,  fo  that  it’s  fhadow  may  fall  upon  the  zenith 
point,  (which  in  this  cafe  is  London  itfelf)  and 
the  fhadow  of  the  firing  will  cut  the  parallel  of 
the  day  upon  that  point  to  which  the  fun  is 
then  vertical,  and  that  hour  circle  upon  which 
this  interfecTion  falls,  is  the  hour  of  the  day  ; 
and  as  the  meridians  are  drawn  within  the 
tropics,  at  20  minutes  diflance  from  each  other, 
the  point  cut  by  the  interfedion  of  the  firing 
upon  the  parallel  of  the  day,  being  fo  near  the 
equator,  may,  by  a  glance  ot  the  obferver’s  eye, 
be  referred  thereto,  and  the  true  time  obtained 
to  a  minute. 

The  plumb  line  thus  moved,  is  the  azimuth; 
which,  by  cutting  the  parallel  of  the  day,  gives 

the 
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the  fun’s  place,  and  confcquently  the  hour  circle 
"which  interfeCts  it. 

From  this  laft  operation  refults  a  corollary, 
that  gives  a  fecond  way  of  rectifying  the  globe 
to  the  fun’s  rays. 

If  the  azimuth  and  {hade  of  the  illuminated 
axis  agree  in  the  hour  when  the  globe  is  rectified, 
then  making  them  thus  to  agree,  mud  rcCtify 
the  globe. 

COROLLARY. 

Another  method  to  rectify  the  globe  to  the  fun’s 
rays. 

Move  the  globe,  till  the  (hadow  of  the  plumb 
line,  which  pafies  through  the  zenith,  cuts  the 
fame  hour  on  the  parallel  of  the  day,  that  the 
fliade  of  the  pin,  held  in  the  diretfion  of  the 
axis,  falls  upon,  amongft  the  polar  parallels, 
and  the  globe  is  rectified. 

The  reafon  is,  that  the  fiiadow  of  the  axis  re- 
prefents  an  hour  circle;  and  by  it’s  agreement 
the  fame  hour,  which  the  {hadow  of  the  azi- 
rnuth  firing  points  out,  by  it’s  interfeCtion  on 
file  parallel  of  the  day,  it  {hews  the  fun  to  be  in 
file  plane  of  the  faid  parallel;  which  can  never 
aPpen  in  the  morning  on  the  eaftern  fide  of 
globe,  nor  in  the  evening  on  the  w  eftern  fide 
°fit,  but  when  the  globe  is  rectified. 

This  rectification  of  the  globe  is  only  placing 
lt  *n  fach  a  manner,  that  the  principal  great 
Y  2  circles 
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circles  and  points  may  concur  and  fall  in  with 
thofe  of  the  heavens. 

The  many  advantages  arifing  from  thefc  pro¬ 
blems,  relating  to  the  placing  of  the  globe  in  the 
fun’s  rays,  the  tutor  will  ealily  difeern,  and 
readily  extend  to  his  own,  as  well  as  to  the  bene¬ 
fit  of  his  pupil. 


The  GENERAL  PRINCIPLES  or 

DIALLING 

ILLUSTRATED  BY  THE 

TERRESTRIAL  GLOBE. 


THE  art  of  dialling  is  of  very  ancient 
origin,  and  was  in  former  times  cultivated 
by  all  who  had  any  pretenfions  to  fcience;  and 
before  the  invention  of  clocks  and  watches,  it  was 
of  the  higheft  importance,  and  is  even  now  ufed 
tcrccrre<fi:  and  regulate  them. 

*  It  teaches  us,  by  means  of  the  fun’s  rays, 
to  divide  time  into' equal  parts,  and  to  reprefent 
on  any  given  furface  the  different  circles  into 
whieft,  for  convenience,  we  fuppofe  the  heavens 
to  be  divided,  but  principally  the  hour  circles. 

The  hours  arc  marked  upon  a  plane,  and 
pointed  out  by  the  interposition  of  arbody,  which 

receiving 


OF  THE  GLOBES. 


341 

receiving  the  light  of  the  fun,  cafts  a  fhadow 
upon  the  plane.  Thi$  body  is  called  the  axis, 
when  it  is  parallel  to  the  axis  of  the  world.  It 
is  called  the  ftyle,  when  it  is  fo  placed  that  only 
the  end  of  it  coincides  with  the  axis  of  the  earth ; 
in  this  cafe,  it  is  only  this  point  which  marks 
the  hours. 

Among  the  various  pleafing  and  profitable 
amufements  which  arife  from  the  ufe  of  globes, 
that  of  dialling  is  not  the  lead.  By  it  the  pupil 
tyill  gam  iatfsfadtory  ideas  of  the  principles  on 
which  this  branch  of  fcience  is  founded  ;  and  it 
will  reward,  with  abundance  of  pleafurc,  thofe 
that  chufe  to  exercife  themfelves  in  the  pra&ice 
of  it. 

If  we  imagine  the  hour  circles  of  any  place,  as 
London,  to  be  drawn  upon  the  globe  of  the  earth, 
and  fuppofe  this  globe  to  be  tranfparent,  and  to 
revolve  round  a  real  axis,  which  is  opake,  and 
Gafts  a  fhadow  ;  it  is  evident,  that  whenever  the 
Plane  of  any  hour  femicircle  points  at  the  fun,  the 
ftiadow  of  the  axis  will  fall  upon  the  oppofitc 
femicircle.* 

Let  a  PCp,  fig.  i,  plate  XII.  reprefent  a 
tranfparent  globe ;  abedefg  the  hour  femi- 
circles ;  it  is  clear,  that  if  the  femicirclc  Pap 
P°ints  at  the  fun,  the  fhadow  of  the  axis  will  fall 
upon  the  oppolite  femicircle. 

Y3  If 

*  Long's  Aftronomy,  vol.  1,  page  82. 
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If  we  imagine  any  plane  to  pafs  through  the 
center  of  this  tranfparent  globe,  the  fhadow  of 
half  the  axis  will  always  fall  upon  one  fide  or  the 
other  of  this  interfering  plane. 

Thus  let  A  BCD  be  the  plane  of  the  horizon 
of  London;  fo  long  as  the  fun  is  above  the  hori¬ 
zon,  the  fhadow  of  the  upper  half  of  the  axis  will 
fall  fomewhere  upon  the  upper  fide  of  the  >  lane 
A  B  C  D ;  when  the  fun  is  below  the  horizon  of 
London,  then  the  fhadow  of  the  lower  haJf  of  the 
axis  E  falls  upon  the  lower  fide  of  the  plane. 

When  the  plane  of  any  hour  femicircle  points 
at  the  fun,  the  fliadow  of  the  axis  marks  the 
refpec5live  hour  line  upon  the  interfering  plane. 
The  hour  line  is  therefore  a  line  drawn  from  the 
center  of  the  interfering  plane,  to  that  point 
w  here  this  plane  is  cut  by  the  femicircle  oppoiite 
to  the  hour  femicircle. 

Thus  let  ABC  D,  fig.  1,  plate  XII.  the 
horizon  of  London,  be  the  interfering  plane ; 
when  the  meridian  of  London  points  at  the  fun, 
as  in  the  prefent  figure,  the  fhadow  of  the  half 
axis  PE  falls  upon  the  line  EB,  which  is  drawn 
from  E,  the  center  of  the  horizon,  to  the  point 
where  the  horizon  is  cut  by  the  oppofite  femi¬ 
circle  ;  therefore,  E  B  is  the  line  for  the  hour  of 
twelve  at  noon. 

By  the  fame  method  the  reft  of  the  hour  lines 
are  found,  by  drawing  for  every  hour  a  line  from 

the 
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the  center  of  the  interfeefling  plane,  to  that  femi- 
circle  which  is  oppolite  to  the  hour  femicircle. 

Thus  fig.  2,  plate  XII.  fhews  the  hour  lines 
drawn  upon  the  plane  of  the  horizon  of  London, 
with  only  fo  many  hours  as  arc  neceflary;  that 
is,  thofe  hours,  during  which  the  fun  is  above 
the  horizon  of  London,  on  the  longeft  day  in 
fummer. 

If,  when  the  hour  lines  are  thus  found,  the 
femicircles  be  taken  away,  as  the  fcaffolding  is 
when  the  houfe  is  built,  what  remains,  as  in  fig.  2, 
will  be  an  horizontal  dial  for  London. 

If,  inftead  of  twelve  hour  circles  as  above  de- 
feribed,  we  take  twice  that  number,  we  may  by 
the  points,  where  the  interfering  plane  is  cut 
by  them,  find  the  lines  for  every  half  hour;  if 
w.e  take  four  times  the  number  of  hour  circles, 
we  may  find  the  lines  for  every  quarter  of  an 
hour,  and  fo  on  progrefiively. 

We  have  hitherto  confidered  the  horizon  of 
London  as  the  interfering  plane,  by  which  is 
ken  the  method  of  making  an  horizontal  dial. 
4f  we  take  any  other  plane  for  the  interfering 
plane,  and  find  the  points  where  the  hour  femi¬ 
circles  pal's  through  it,  and  draw  lines  from  the 
center  of  the  plane  to  thofe  points,  we  fhall  have 
*he  hour  lines  for  that  plane. 

Fig.  3,  plate  XII.  fhews  how  the  hour  lines 
arc  found  upon  a  fouth  plane,  perpendicular  to 
Y  4  the 
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the  horizon.  Fig.  4,  fhews  a  fouth  dial,  with  it’s 
hour  lines,  without  the  femicircle,  by  means 
whereof  they  are  found. 

The  gnomon  of  every  fun-dial  reprefents  the 
axis  of  the  earth,  and  is  therefore  always  placed 
parallel  to  it,  Whether  it  be  a  wire,  as  in  the 
figure  before  us,  -or  the  edge  of  a  brafs  plate,  as 
in  a  common  horizontal  dial. 

The  whole  earth,  as  to  it’s  bulk,  is  but  a 
point,  if  compared  to  it’s  difiance  from  the  fun  ; 
therefore,  if  a  fmall  fphere  of  glafs  be  placed  on 
.any  part  of  the  earth’s  furface,  fo  that  it’s  axis  be 
parallel  to  the  axis  of  the  earth,  and  the  fphere 
have  fuch  lines  upon  it,  and  fuch  planes  within 
it,  as  above  deferibed,  it  will  lhew  the  hour  of 
the  day  as  truly  as  if  it  were  placed  at  the  center 
of  the  earth,  and  the  fhell  of  ttfe  earth  were  as 
tranfparent  as  glafs. 

A  wire  fphere,  with  a  thin  flat  plate  of  brafs 
within  it,  is  often  made  ufc  of  to  explain  the 
principles  of  dialling. 

From  what  has  been  faid,  it  is  clear  that  dial¬ 
ling  depends  on  finding  where  the  fhadow  of  a 
firai’t  wire,  parallel  to  the  axis  of  the  earth,  will 
fall  upon  a  given  plane,  every  hour,  half-hour. 
See.  the  houtr  lines  being  found  as  above  de¬ 
feribed,  which  we  fhall  proceed  to  exemplify  by 
the  globe. 

Every  dial  plahe  (that  is,  the  plane  furface  on 
which  a  dial  is  drawn)  reprefents  the  plane  of  a 

great 
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great  circle,  which  circle  is  an  horizon  to  fome 
country  or  other. 

■  The  center  of  the  dial  reprefents  the  center  of 
the  earth  ;  and  the  gnomon  which  cafts  the  fhade 
reprefents  the  axis,  and  ought  to  point  dire&iy  to 
the  poles  of  the  equator. 

The  plane  upon  which  dials  are  delineated 
may  be  either,  1 .  parallel  to  the  horizoq.;  2.  per¬ 
pendicular  to  the  horizon ;  or,  3.  cutting  it  at 
oblique  angles. 

1*  r  o  b  l  e  xli. 

To  conftrud  an’  horizontal  dial  for  any  given 
latitude,  by  means  of  the  terreftrial  globe. 

Elevate  the  globe  to  the  . latitude  of  the  place; 
then  bring  the  firft  meridian  under  the  graduated 
edge  of  the  ftrong  brazen  one,  which  will  then 
be  over  the  hour  X.I1,  .or  the  equator.  As  our 
globes  have  meridians  drawn  through  every  15 
degrees  of  the  equator,  thefe  meridians  will  re- 
pr^fent  the  true  circles  of  the  fphere,  and  will 
interfe&  the  horizon  of  the  globe,  in  certain 
points  on  each  lide  of  the  meridian.  The  diftancc 
thefe  points  from  the  meridian,  muft  becare- 
inlly  noted  down  upon  a  piece  of  paper,  as  will 
bo  feen  in  the  example.  The  pupil  need  not, 
however,  talte  out  into  his  table  the  diftances 
further  than  from  XII  to  VI,  which  is  juft  90  de- 
8rees;  for  the  diftances  of  XI,  X,  IX,  VIII, 
VI,  in  the  forenoon,  are  the  fame  from  XII 
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as  the  diftances  of  I,  II,  III,  IV,  V,  VI,  in  the 
afternoon ;  and  thefe  hour  lines  continued  through 
the  center  M  ill  give  the  oppofite  hour  lines  on 
the  other  half  of  the  dial. 

No  more  hour  lines  need  be  drawn  than  M'hat 
anfwer  to  the  fun’s  continuance  above  the  hori- 
ion,  on  the  iongeft  day  of  the  year,  in  the  given 
latitude. 

Example.  Suppofe  the  given  place  to  be 
London,  whofe  latitude  is  5 1  deg.  30  min.  north. 

Elevate  the  north  pole  of  the  globe  to  5 1 E 
degrees  above  the  horizon;  then  will  the  axis  ot 
the  globe  have  the  fame  elevation  above  the 
broad  paper  circle,  as  the  gnomon  of  the  dial  is 
to  have  above  the  plane  thereof. 

Turn  the  globe,  till  the  firft  meridian  (which 
on  Englifh  globes  pafles  through  London)  is 
under  the  graduated  fide  of  the  ftrong  brazen 
meridian ;  then  obferve  and  note  the  points  where 
the  hour  circles  interfed  the  horizon ;  and  as  on 
our  globes  the  inner  graduated  circle,  on  the 
broad  paper  circle,  begins  from  the  two  fixes,  or 
eaft  and  weft,  we  Ihall  begin  from  thence,  calling 


the  hour 

VI 

0° 

0 

ve  Ihall  find  the  other  hours 

interfering 

the 

horizon  at  the  following  degrees 

:  V 

180 

54 

IV 

36 

24 

ill 

57 

II 

65 

4‘ 

I 

78 

9 

which 
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which  are  the  refpettive  diftances  of  the  above 
hours  from  VI  upon  the  plane  of  the  horizon. 

To  transfer  thefe,  and  the  reft  of  the  hours, 
upon  an  horizontal  plane,  draw  the  parallel  right 
lines  ac  and  b  d,  fig.  5,  plate  XII.  upon  that 
plane,  as  far  from  each  other  as  is  equal  to  the 
intended  thicknefs  of  the  gnomon  of  the  dial,  and 
the  fpace  included  between  them  will  be  the 
meridian,  or  twelve  o’clock  line  upon  the  dial; 
crofs  this  meridian  at  right  angles  by  the  line 
g  h,  which  will  be  the  fix  o’clock  line ;  then  fet- 
ting  one  foot  of  your  compaffes  in  the  interfe&ion 

a,  deferibe  the  quadrant  ge  with  any  convenient 
radius,  or  opening  of  the  compaffes  ;  after  this, 
fet  one  foot  of  the  compaffes  in  the  interfetflion 

b,  as  a  center,  and  w  ith  the  fame  radius  deferibe 
the  quadrant  f  h  ;  then  divide  each  quadrant  into 
90  equal  parts,  or  degrees,  as  in  the  figure. 

Becaufe  the  hour  lines  are  lefs  difiant  from 
each  other  about  noon,  than  in  any  other  part  of 
the  dial,  it  is  bed  to  have  the  centers  of  the 
quadrants  at  fome  diftance  from  the  center  of 
the  dial  plane,  in  order  to  enlarge  the  hour  dif¬ 
tances  near  Xll;  thus  the  center  of  the  plane  is  at 
A,  but  the  center  of  the  quadrants  is  at  a  and  b. 

Lay  a  rule  over  78°  9',  and  the  center  b,  and 
draw  there  the  hour  line  of  I.  Through  b,  and 
^5  gives  the  hour  line  of  II.  Through  b, 
and  5157,  that  of  III.  Through  the  fame  cen¬ 
ter,  and  36  24,  we  obtain  the  hour  line  of  IV. 

And 
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And  through  it,  and  18  54,  that  of  V.  And 
becaufe  the  fun  rifes  about  four  in  the  morning, 
continue  the  hour  lines  of  IV  and  V  in  the- after¬ 
noon,  through  the  center  b  to  the  oppofite  fide  of 
the  dial. 

Now  lay  a  rule  fuccefiively  to  the  center  a  of 
the  quadrant  e  g,  and  the  like  elevations  or  de¬ 
grees  of  that  quadrant,  7  8,9,  65,41,51,57,  36,24, 
18,54,  which  will  give  the  forenoon  hours  of 
XI* X,  IX,  VIII,  and  VII  t  and  becaufe  the  fun 
does  not  fet  before  VIII  ip  the  evening  on  the 
longed  days,  continue  the  hour  lines  of  VII  and 
VIII  in  the  afternoon,  and  all  the  hour  lines  will 
be  finifhed  on  this  dial* 

Ladly,  through  51^  degrees  on  either  qua¬ 
drant,  and  from  it's  center,  draw  the  right  line 
a  g  for  the  axis  of  the  gnomon  a  g  i,  and  from  g 
let  fall  the  perpendicular  g  i  upon  the  meridian 
line  a  i,  and  there  will  be  a  triangle  made,  whofe 
fides  are  a  g,  g  i,  and  i  a;  if  a  plate  Similar  to 
this  triangle  be.made  as  thick  as  the  didance  be¬ 
tween  the  lines  a  c  and  b  d,  and  be  fet  upright 
between  them,  teaching  at  a  and  b,  the  line  a  g 
will,  when  it  is  truly  fet,  be  parallel  to  the  axis 
of  the  wodd,  and  will  cad  a  diadow  on  the  hour 
of  the  day. 

of  dividing  the  two  quadrants 
may  be  laved,  by  ufing  a  line,  of  chords,  which 
is  always*  placed  upon  every  foale  belonging  to  a 
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~  Ot  THE  GtOBES. 

-P  fc  ©  B  L  t  M  XMt*. 

To  delineate  a  direft  fouth  dial  for  any  given 
latitude,  by  the  globe. 

Let  us.fupppfe  a  fonth  dial  for  the  latitude  pf 
London. 

Elevate  the  pole  to  the  co-latitude  of  your 
place,  and  proceed  in  all  refpedts  as  above  taught 
for  the  horizontal  dial,  from  VI  in  the  morning 
to  VI  in  the  afternoon,  only  the  hoyrs  muft  be 
reverted,  as  in  fig.  3,  plate  XII. ;  and  the  hy- 
pothenufe  a  g  of  the  gnomon  a  g  f,  mull  make  an 
angle  with  the  dial  plane  to  the  co-latitude  of 
the  place. 

As  the  fun  can  dyne  no  longer  than  from  VI 
in  the  morning  to  VI  in  the  evening,,  there  is  no 
occafion  for  having  more  than  twelve  hours  upon 
this  dial.. 

In  lolving  this  pvpblem,  we  have  confider-ed 
our  vertical  fopth  dial  for  the  latitude  of-  Lon¬ 
don,  as  an  horizontal  one  for  the  complement  of 
fhat  latitude,  or  38  deg.  30  min  * ;  all  dired:  ver¬ 
bal  dials  may  be  thus  reduced  to  horizontal 
°oes,  in  the  fame  manner.  Thereafonof  this 
"'ill  be  evident,  if  the  globe  be  elevated  to  the 
latitude  of  London;  for  by  fixing  the  quadrant 
°f  altitude  to  the  zenith,  and  bringing  it  to  in- 
terfetf:  the  horizon  in  the  ealt  point,  it  wiU  point 
out  the  plane  of  the  propofed.  dial. 

.  This  plane  is  at  right  angles  to  the  meridian, 

and 
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and  perpendicular  to  the  horizon;  and  it  is  clear, 
from  the  bare  infpe&ion  of  the  globe  thus  ele¬ 
vated,  that  it’s  axis  forms  an  angle  with  this 
plane,  which  is  juft  the  complement  of  that 
which  it  forms  with  the  horizon,  and  is  therefore 
juft  equal  to  the  co-latitude  of  the  place,  and 
that  therefore  it  is  moft  Ample  to  recftify  the 
globe  to  that  co-latitude. 

The  north  vertical  dial  is  the  fame  with  the 
fouth,  only  the  ftyle  muft  point  upwards,  and 
that  many  of  the  hours  from  it’s  direction  can 
be  of  no  ufe. 

PROBLEM  XLIir. 

To  make  an  ere<5t  dial,  declining  from  the  fouth 
towards  the  eaft  or  weft. 

Elevate  the  pole  to  the  latitude  of  the  place, 
and  fcrew  the  quadrant  of  altitude  to  the  zenith. 

Then  if  your  dial  declines  towards  the  eaft, 
(which  weftiall  fuppofe  in  the  prefent  inftance) 
count  in  the  horizon  the  degrees  of  declination, 
from  the  eaft  point  towards  the  north,  and  bring 
the  lower  end  of  the  quadrant  to  coincide  with 
that  degree  of  declination  at  which  the  reckoning 
ends. 

Then  bring  the  firft  meridian  under  the  gra¬ 
duated  edge  ofthe  ftrong  brazen  meridian,  which 
ftrong  meridian  will  be  the  horary  index. 

Now  turn  the  globe  weftward,  and  obferve 
the  degrees  cut  in  the  quadrant  of  altitude  by  the 

firft 
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firft  meridian,  while  the  hours  XI,  X,  IX,  &c. 
in  the  forenoon,  pafs  fucceflively  under  the  brazen, 
one;  and  the  degrees  thus  cut  on  the  quadrant 
by  the  firft  meridian,  are  the  refpe&ive  diftances 
of  the  forenoon  hours,  from  XII,  on  the  plane 
°f  the  quadrant. 

For  the  afternoon  hours,  turn  the  quadrant  of 
altitude  round  the  zenith,  until  it  comes  to  the 
degree  in  the  horizon,  oppofitc  to  that  where  it 
"  as  placed  before,  namely,  as  far  from  the  weft 
tow  ards  the  fouth,  and  turn  the  globe  eaftward; 
and  as  the  hours  I,  II,  III,  &c.  pafs  under  the 
ftrong  brazen  meridian,  the  firft  meridian  will 
cut  on  the  quadrant  of  altitude  the  number  of 
degrees  from  the  zenith,  that  each  of  the  hours 
is  from  XII  on  the  dial. 

When  the  firft  meridian  goes  off  the  quadrant 
at  the  horizon,  in  the  forenoon,  the  hour  index 
w  ill  fhew  the  time  when  the  fun  comes  upon 
this  dial ;  and  when  it  goes  off  the  quadrant  in 
the  afternoon,  it  points  to  the  time  when  the 
Fin  leaves  the  dial. 

Having  thus  found  all  the  hour  diftances  from 
XU,  lay  them  down  upon  your  dial  plane,  either 
by  dividing  a  femicircle  into  tw  o  quadrants,  or 
by  the  line  of  chords. 

In  all  declining  dials,  the  line  on  which  the 
gnomon  ftands  makes  an  angle  with  the  twelve 
0  clock  line,  and  falls  among  the  forenoon  hour 
lines,  if  the  dial  declines  towards  the  eaft;  and 
among  the  afternoon  hour  lines,  when  the  dial 
4  declines 


<jg5  DESCRIPTION  AND  USE 

declines  towards  the  weft;  that  is,  to  the  left 
hand  from  the  twelve  o’clock  line  in  the  former 
cafe,  and  to  the  right  hand  from  it  in  the  latter. 

To  find  the  diftance  of  this  line  from  that  of 
twelve. 

This  may  be  conftdered,  i.  If  the  dial  declines 
from  the  fouth  towards  the  eaft,  then  count  the 
degrees  ,of  that  declination  in  the  horizon,  from 
the  call  point  towards  the  north,  and  bring  the 
lower  end  of  the  quadrant  to  that  degree  of  de¬ 
clination  where  the  reckoning  ends;  then  turn 
the  globe,  until  the  firft  meridian  cuts  the  ho¬ 
rizon  in  the  like  nuynber  of  degrees,  counted 
from  the  fouth  point  towards  the  eaft,  and-  the 
qyadrant  and  -lirft  meridian  will  crofs  one  ano¬ 
ther  at  right  angles,  and  the  number  of  degrees 
of  the  quadrant,  which  are  intercepted  between 
the  firft  meridian  and  the  zenith,  is  equal  to 
the  diftance  of  this  line  from  the  twelve  o’clock 
line. 

The  numbers  of  the  firft  meridian,  which  are 
intercepted  between  the  quadrant  and  the  north 
pole,  .is , equal  T°  the  elevation  of  the  ftyle  above 
the  plane  of  the  dial. 

The  fecond  cafe  is,  w  hen  the  dial  declines 
weft  ward  from  the  fouth. 

Count  the  declination  from,  the  eaft  point  of 
the  horizon,  towards  the  fouth,  and  bring  the 
quadrant  of  altitude  to  the.  degree  in  the  horizon, 
at  which  the  reckoning  ends,  both  for  finding 

the 
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the  forenoon  hours,  and  the  diftance  of  the 
fubftile,  or  gnomon  line,  from  the  meridian; 
and  for  the  afternoon  hours,  bring  the  quadrant 
to  the  oppolite  degrees  in  the  horizon,  namely, 
as  far  from  the  weft  towards  the  north,  and  then 
proceed  in  all  refpetfts  as  before. 

It  is*prefumed,  that  the  foregoing  instances 
be  fuflicient  to  illuftratc  the  general  prin¬ 
ciples  of  dialling,  and  to  give  the  pupil  agene- 
ral  idea  of  that  pleafmg  fcience ;  for  accurate  and 
Cxpeditious  methods  of  conftru&ing  dials,  we 
muft  refer  him  to  treatifes  written  exprefsly  on 
that  fubjeeft. 

Na  VIGATION 


EXPLAINED  BY  THE 

globe* 


NAVIGATION  is  the  art  of  guiding  a 
{hip  at  fea,  from  one  place  to  another, 
m  the  fafeft  and  moft  convenient  manner.  In 
0rder  to  attain  this,  four  things  are  particularly 
ncceflary: 

r-  To  know  the  fttuation  and  diftance  of 
Places. 

2*  To  know  at  all  times  the  points  of  the 
Carnpafs. 


3*  lo  know  the  line  in  which  the  {hip  is  to 
e  dirc<5led  from  one  place  to  the  other. 


Z  4.  To 
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4.  To  know,  in  any  part  of  the  voyage,  what 
point  of  the  globe  the  fhip  is  upon. 

The  knowledge  of  the  diftance  and  lituation 
of  places,  between  which  a  voyage  is  to  be  made, 
implies  not  only  a  general  knowledge  of  geogra¬ 
phy,  but  of  feveral  other  particulars,  as  the  rocks, 
fands,  ftreights,  rivers,  &c.  near  which*  we  are 
to  fail ;  the  bending  out,  or  running  in  of  the 
fhores,  the  know  ledge  of  the  times  that  parti¬ 
cular  winds  fet  in,  the  feafons  when  ftorms  and 
hurricanes  are  to  be  expe&ed,  but  efpecially  the 
tides;  thefe  and  many  other  fimilar  circum- 
ftances  are  to  be  learned  from  fea  charts, 
journals,  &c.  but  chiefly  by  obfervation  and 
experience. 

The  fecond  particular  to  be  attained,  is  the 
know  ledge  at  all  times  of  the  points  ol  the  com- 
pafs,  where  the  fhip  is.  The  ancients,  to  whom 
the  polarity  of  the  loadftone  was  unknown, 
found  in  the  day -time  the  ealt  or  weft,  by  the 
riling  or  fetting  of  the  fun ;  and  at  night,  the 
north  by  the  polar  ftar.  We  have  the  advantage 
of  the  mariner’s  compafs,  by  w  hich,  at  any 
time  in  the  w  ide  ocean,  and  the  darkeft  night, 
we  know  where  the  north  is,  and  confequently 
the  reft  of  the  points  of  the  compafs. 

Indeed,  before  the  invention  of  the  mariner’s 
compafs,  the  voyages  of  the  Europeans  were 
principally  confined  to  coafting;  but  this  for¬ 
tunate  difeovery  has  enabled  the  mariner  to  cx- 

plor 
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plore  new  feas,  and  difcover  new  countries, 
"w  hich,  without  this  valuable  acquifition,  would 
probably  have  remained  for  ever  unknown. 

The  third  thing  required  to  be  known,  is  the 
hne  which  a  fhip  dcfcribes  upon  the  globe  of  the 
earth,  in  going  from  one  place  to  another. 

The  fhorteft  way  from  one  place  to  another, 
is  an  arc  of  a  great  circle,  drawn  through  the 
twro  places. 

The  moft  convenient  w  ay  for  a  fhip,  is  that  by 
which  we  may  fail  from  one  place  to  another, 
directing  the  fhip  all  the  w  hile  towards  the  fame 
point  of  thecompafs. 

A  fhip  is  guided  by  fleering  ordire<5ting  her 
towards  fome  points  of  the  compafs;  the  line 
wherein  a  fhip  is  directed,  is  called  the  fhip’s 
courfe,  which  is  named  from  the  point  towards 
w  hich  fhc  fails. 

Thus  if  a  fhip  fails  towards  the  north-eafl 
point,  her  courfe  is  faid  to  be  N.  E. 

In  long  voyages,  a  fhip’s  w'ay  may  confifl  of 
a  great  number  of  different  courfes,  as  from  A  to 

from  B  to  C,  and  from  C  to  D,  fig.  9,  plate 
XU.;  when  we  fpeak  of  a  lhip’s  courfe,  we 
confiderone  of  thefe  at  a  time;  t  e  feldomer  the 
courfe  is  changed,  the  more  eafily  the  fhip  is 
di  reeled. 

I*  TWO  PLACES,  A  AND  Z,  FIG.  7,  PLATE  XII. 
Lie  under  the  same  meridian,  the  courfe  from 
the  one  to  the  other  is  due  north  or  fouth. 

£  2  Thus 
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Thus  let  A  Z  be  part  of  a  meridian ;  if  A  be 
fouth  of  Z,  the  courfe  from  A  to  Z  mult  be 
north,  and  the  courfe  from  Z  to  A  fouth.  This 
is  evident  from  the  nature  of  a  meridian,  that  it 
marks  upon  the  horizon  the  north  and  fouth 
points,  and  that  every  point  of  any  meridian  is 
north  or  fouth  from  every  other  point  of  it. 
From  hence  we  may  deduce  the  following  corol¬ 
lary  :  that  if  a  lhip  fails  due  north  or  fouth.  Hie 
will  continue  on  the  fame  meridian. 

If  two  places  lie  under  the  equator,  the 
courfe  from  one  to  the  other  is  an  arc  of  the 
equator,  and  is  due  eaft  or  w  eft.  Thus  let  a  z, 
fig.  7,  be  a  part  of  the  equator;  if  a  be  weft 
from  z,  the  courfe  from  a  to  z  is  eaft,  and  the 
courfe  from  z  to  a  is  wreft:  for  ftnee  the  equator 
marks  the  eaft  and  w'eft  points  upon  the  horizon, 
every  point  of  the  equator  lies  eaft  or  weft  of 
every  other  point  of  it,  as  may  be  feen  upon  the 
globe,  by  placing  it  as  for  a  right  fphere,  and 
bringing  a  or  z,  or  any  of  the  intermediate 
points,  to  the  zenith ;  when  it  will  be  evident, 
that  if  we  are  to  go  from  one  of  thefe  points  a, 
to  the  other  z,  or  to  any  point  on  the  equator, 
we  muft  continue  our  courfe  due  eaft  to  arrive 
at  a,  or  vice  verfa.  From  hence  we  may  deduce 
this  confequence,  that  if  a  fhip  under  the  equa¬ 
tor  fails  due  eaft  or  weft,  fhe  will  continue  under 
the  equator. 

In  the  two  foregoing  cafes,  the  courfe  being 
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an  arc  of  a  great  circle,  (the  meridian  or  equator) 
is  the  fhorteft  and  the  moft  convenient  way  it 
can  fail. 

Ip  two  places  lie  under  the  same  paral¬ 
lel,  the  courfe  from  one  to  the  other  is  due  call 
°r  weft ;  this  may  be  feen  upon  the  globe,  by 
*he  following  method:  bring  any  point  of  a 
parallel  to  the  zenith,  and  ftrctch  a  thread  over 
it:>  perpendicular  to  the  meridian;  the  thread 
"'  ill  then  be  a  tangent  to  the  parallel,  and  ftand 
caft  and  weft  from  the  point  of  contaef.  Hcncc, 
ff  a  fhip  fails  in  any  parallel,  due  caft  or  weft, 
foe  will  continue  in  the  fame  parallel.  In  this 
cafe,  the  moft  convenient  courfe,  though  not 
•the  fhorteft,  from  one  to  the  other,  is  to  fail  due 
caft  or  weft. 

If  two  places  lie  neither  under  the 
.EQUATOR,  nor  on  the  same  meridian,  nor  in 
The  same  parallel,  the  moft  convenient, 
though  not  the  fhorteft,  courfe  from  one  to  the 
£ther,  is  in  a  rhumb. 

For  if  we  ftiould  in  this  cafe  attempt  to  go 
fhorteft  way,  in  a  great  circle  drawn  through 
two  places,  we  muft  be  perpetually  chang- 
our  courfe.  Thus  fig.  8,  whatever  is  the 
faring  of  Z  from  A,  the  bearings  of  all  the 
intermediate  points,  as  B,  C,  D,  E,  &c.  will  be 
different  from  it,  as  well  as  different  from  each 
0ther,  as  may  be  eafily  feen  upon  the  globe,  by 
fringing  the  firft  point  A  to  the  zenith,  and  ob- 
Z  3  ferving 
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fcrving  the  bearing  of  Z  from  each  of  them. 
Thus  fuppofe  when  the  globe  is  rectified  to  the 
horizon  of  A,  the  bearing  of  Z  from  A  be  north- 
eaft,  and  the  angle  of  pofition  of  Z,  with  regard 
to  A,  be  45  degrees;  if  w'e  bring  B  to  the  ze¬ 
nith,  we  fhall  have  a  different  horizon,  and  the 
bearing  and  angle  of  pofition  from  Z  to  B  will 
be  different  from  the  former;  and  fo  on  of  the 
other  points  C,  D,  E,  they  will  each  of  them 
have  a  different  horizon,  and  Z  will  have  a  dif¬ 
ferent  bearing  and  angle  of  pofition. 

From  hence  we  may  draw  this  corollary,  that 
when  tw  o.  places  lie  one  from  the  other,  towards 
a  point  not  cardinal,  if  we  fail  from  one  place 
towards  the  point  of  the  other’s  bearing,  we 
fhall  never  arrive  at  the  other  place.  Thus  if 
Z  lies  north-eaft  from  A,  if  we  fail  from  A 
towards  the  north-eaft,  we  fhall  never  arrive 
at  Z. 

A  rhumb  upon  the  globe  is  a  line  drawn 
from  a  given  place  A,  fo  as  to  cut  all  the  me¬ 
ridians  it  paffes  through  at  equal  angles ;  the 
rhumbs  are  denominated  from  the  points  of  the 
compafs,  in  a  different  manner  from  the  winds. 
Thus,  at  lea,  the  north-eaft  wind  is  that  which 
blows  from  the  north-eaft  point  of  the  horizon, 
towards  the  fhip  in  which  we  are;  but  we  are 
faid  to  fail  upon  the  N.  E.  rhumb,  when  we  go 
towards  the  north-eaft. 

The  rhumb  A  B  C  D  Z,  fig.  8,  plate  XII, 

palTing 
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patting  through  the  meridians  L  M,  N  O,  P  Q, 
makes  the  angles  LAB,  NBC,  PCD,  equal ; 
from  whence  it  follows,  that  the  dire&ion  of  a 
rhumb  is  in  every  part  of  it  towards  the  fame 
point  of  the  compafs;  thus  from  every  point  of 
a  north-eaft  rhumb  upon  the  globe,  the  dire&ion 
is  towards  the  north-eaft,  and  that  rhumb  makes 
an  angle  of  45  deg.  with  every  meridian  it  is 
drawn  through. 

Another  property  of  the  rhumbs  is,  that  equal 
parts  of  the  fame  rhumb  are  contained  between 
parallels  of  equal  diftance  of  latitude ;  fo  that  a 
ihip  continuing  in  the  fame  rhumb,  will  run  the 
fame  number  of  miles  in  failing  from  the  parallel 
of  10  to  the  parallel  of  30,  as  {he  does  in  failing 
from  the  parallel  of  30  to  that  of  50. 

The  fourth  thing  mentioned  to  be  required  in 
navigation,  was,  to  know  at  any  time  what  point 
of  the  globe  a  (hip  is  upon.  This  depends  upon 
four  things;  1 .  the  longitude ;  2.  the  latitude; 
3.  the  courfe  the  {hip  has  run;  4.  the  diftance, 
that  is,  the  way  Ihe  has  made,  or  the  number  of 
leagues  or  miles  {he  has  run  in  that  courfe,  from 
the  place  of  the  laft  obfervation.  Now  any  tw  o 
of  thefe  being  known,  the  reft  may  be  caftly 
found. 

Having  thus  given  fome  general  idea  of  na¬ 
vigation,  we  now  proceed  to  the  problems  by 
which  the  cafes  of  failing  are  folved  on  the 
globe.  Z  4 

problem 
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problem  xliv. 

Given  the  difference  of  latitude,  and  difference 
of  longitude,  to  find  the  courfe  and  diflance 
failed.* 

Example.  Admit  a  fhip  fails  from  a  port  A, 
in  latitude  38  deg.  to  another  port  B,  in  latitude 
5  deg.  and  finds  her  difference  of  longitude 
43  deg. 

Let  the  port  A  be  brought  to  the  meridian, 
and  elevate  the  globe  to  the  given  latitude  of 
that  port  38  deg.  and  fixing  the  quadrant  of 
altitude  precifely  over  it  on  the  meridian,  move 
the  quadrant  to  lie  over  the  fecond  port  B, 
(found  by  the  given  difference  of  latitude  and 
longitude)  then  will  it  cut  in  the  horizon  50  deg. 
45  min.  for  the  angle  of  the  ship’s  course  to  be 
fleered  from  the  port  A.  Alfo,  count  the  de¬ 
grees  in  the  quadrant  between  the  two  ports,  • 
which  you  will  find  51  deg.;  this  number  mul¬ 
tiplied  by  60,  (the  nautical  miles  in  a  degree) 
will  give  3060  for  the  diflance  run. 

PROBLEM  XLV. 

Given  the  difference  of  latitude  and  courfe,  to 
find  the  difference  of  longitude  and  diflance 
failed. 

Example.  Admit  a  fhip  fails  from  a  port  A? 


*  See  Martin  on  the  Globes. 
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in  25  deg.  north  latitude,  to  another  port  B,  in 
30  deg.  fouth  latitude,  upon  a  courfe  of  43  deg. 

Bring  the  port  A  to  the  meridian,  and  redify 
the  globe  to  the  latitude  thereof  25  deg.  where 
fix  the  quadrant  of  altitude,  and  place  it  foas  to 
make  an  angle  with  the  meridian  of  43  deg.  in 
the  horizon,  and  obferve  w here  the  edge  of  the 
quadrant  interfeds  the  parallel  of  30  deg.  fouth 
latitude,  for  that  is  the  place  of  the  port  B. 
Then  count  the  number  of  degrees  on  the  edge 
of  the  quadrant  interfered  between  the  two 
ports,  and  there  will  be  found  73  deg.  which 
multiplied  by  60,  gives  4380  miles  for  the  dis¬ 
tance  failed.  As  the  two  ports  are  now'  known, 
let  each  be  brought  to  the  meridian,  and  obferve 
their  difference  of  longitude  in  the  equator  rc- 
fpedively,  which  will  be  found  50  deg. 

N.  B.  Had  this  probkm  been  Solved  by 
LOXODROMICS,  or  failing  on  a  rhumb,  the  difl 
ference  of  longitude  would  then  have  been  5  2 
vdeg.  30  min.  between  the  two  ports. 

PROBLEM  XI/ VI. 

Given  the  difference  of  latitude  and  diffance  run, 
to  find  the  difference  of  longitude,  and  angle 
of  the  courfe. 

Example.  Admit  a  Ship  fails  from  a  port  A, 
ln  latitude  50  deg.  to  another  port  B,  in  latitude 
*7  deg.  30  min.  and  her  diffance  run  be  2220 
tnilcs.  Redi  fy  the  globe  to  the  latitude  of  the 

place 
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place  A,  then  the  diftance  run,  reduced  to  de¬ 
grees,  will  make  37  deg.  which  are  to  be 
reckoned  from  the  end  of  the  quadrant  lying 
over  the  port  A,  under  the  meridian ;  then  is  the 
quadrant  to  be  moved,  till  the  37  deg.  coincides 
with  the  parallel  of  17  deg.  30  min.  north  lati¬ 
tude;  then  will  the  angle  of  the  courfe  appear  in 
the  arch  of  the  horizon,  intercepted  between  the 
quadrant  and  the  meridian,  which  will  be  32 
deg.  40  min. ;  and  by  making  a  mark  on  the 
globe  for  the  port  B,  and  bringing  the  fame  to . 
the  meridian,  you  will  obferve  what  number  of 
degrees  pafs  under  the  meridian,  w  hich  will  be 
20,  the  difference  of  longitude  required. 

PROBLEM  XLVII. 

Given  the  difference  of  longitude  and  courfe,  to 
find  the  difference  of  latitude  and  diftance  failed. 

Example.  Suppofe  a  fhip  fails  from  A,  in  the 
latitude  5 1  deg.  on  a  courfe  making  an  angle 
with  the  meridian  of  40  deg.  till  the  difference 
of  longitude  be  found  juft  20  deg. ;  then  rectify¬ 
ing  the  globe  to  the  latitude  of  the  port  A,  place 
the  quadrant  of  altitude  fo  as  to  make  an  angle 
of  40  deg.  with  the  meridian;  then  obferve  in 
what  point  it  interfedts  the  meridian  paffing 
through  the  given  longitude  of  the  port  B,  and 
there  make  a  mark  to  reprefent  the  laid  port ; 
then  the  number  of  degrees  intercepted  betw  een 
that  and  the  port  A  w  ill  be  28,  w  hich  will  give 
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16S0  miles  for  the  diftance  run.  And  the  laid 
mark  for  the  port  B,  being  brought  to  the  meri¬ 
dian,  will  have  it’s  latitude  there  fhewn  to  be 
27  deg.  40  min. 

PROBLEM  XLVIII. 

Given  the  courfe  and  diftance  failed,  to  find  the 
difference  of  longitude,  and  difference  of 
latitude. 

Example.  Suppofe  a  ffiip  fails  1 800  miles 
from  a  port  A,  5 1  deg.  1 5  min.  fouth-weft,  on 
an  angle  of  45  deg.  to  another  portB. 

Having  re&ified  the  glqbc  to  the  port  A,  fix 
the  quadrant  of  altitude  over  it  in  the  zenith, 
and  place  it  to  the  fouth-wcfl  point  in  the  hori¬ 
zon  ;  then  upon  the  edge  of  the  quadrant  under 
30  deg.  (equal  to  1  800  miles  from  the  port  A) 
is  the  port  B  ;  which  bring  to  the  meridian,  and 
you  will  there  fee  the  latitude ;  and  at  the  fame 
time,  it’s  longitude  in  the  equator,  in  the  point 
cut  by  the  meridian. 

In  all  thefe  cafes,  the  fliip  is  fuppofed  to  be 
kept  upon  the  arch  of  a  great  circle,  which 
is  not  difficult  to  be  done,  very  nearly,  by  means 
of  the  globe,  by  frequently  obferving  the  latitude, 
meafuring  the  diftance  failed,  and  (when  you 
can)  finding  the  difference  of  longitude;  for 
one  of  thefe  being  given,  the  place  and  courfe  of 
the  fhip  is  known  at  the  fame  time;  and  there¬ 
fore  the  preceding  courfe  may  be  altered,  and 
re&ifted  without  any  trouble,  through  the  w  hole 
5  voyage. 
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voyage,  as  often  as  fuch  obfervations  can  be  ob¬ 
tained,  or  it  is  found  neceffary.  Now  if  any  of 
thefe  data  are  but  of  the  quantity  of  four  or 
five  degrees,  it  will  fuffice  for  correcting  the 
Ihip’s  courfe  by  the  globe,  and  carrying  her  di¬ 
rectly  to  the  intended  port,  according  to  the 
following  problem, 

problem  xlix. 

To  fleer  a  fliip  upon  the  arch  of  a  great  circle 
by  the  given  difference  of  latitude,  or  differ¬ 
ence  of  longitude,  or  diftance  failed  in  a  given 
time. 

Admit  a  fhip  fails  from  a  port  A,  to  a  very 
diftant  port  Z,  whofe  latitude  and  longitude  are 
given,  as  well  as  it’s  geographical  bearing  fronr) 
A;  then, 

Firft,  having  rectified  the  globe  to  the  port  A, 
lay  the  quadrant  of  altitude  over  the  port  Z,  and 
draw  thereby  the  arch  of  a  great  circle  through 
A  and  Z;  this  will  defign  the  intended  path  or 
traCt  of  the  fhip. 

Secondly,  having  kept  the  fhip  upon  the  firft 
given  courfc  for  fome  time,  fuppofc  by  an  obfer- 
vation  you  find  the  latitude  of  the  present  place 
of  the  fhip,  this  added  to,  or  fubdu&ed  from 
the  latitude  of  the  port  A,  will  give  the  prefent 
latitude  in  the  meridian;  to  which  bring  the 
path  of  the  fhip,  and  the  part  therein,  which  lies 
under  the  new  latitude,  is  the  true  place  B  of 
the  fhip  in  the  great  arch.  To  the  latitude  of  B 
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rectify  the  globe,  and  lay  the  quadrant  over  Z, 
and  it  will  {hew  in  the  horizon  the  N£w  course 
to  be  fleered. 

Thirdly,  fuppofe  the  fhip  to  be  fleered  upon 
this  courfe,  till  her  diflance  run  be  found  300 
miles,  or  5  deg. ;  then,  the  globe  being  rectified 
to  the  place  B  in  the  zenith,  laying  the  quadrant 
from  thence  over  the  great  arch,  make  a  mark 
at  the  5  th  degree  from  B,  and  that  will  be  the 
prefent  place  of  the  fhip,  which  call  C;  which 
being  brought  to  the  meridian,  it’s  latitude  and 
longitude  will  be  known.  Then  redtify  the 
globe  to  the  place  C,  and  laying  the  quadrant 
from  thence  to  Z,  the  new  courfe  to  be  fleered 
will  appear  in  the  horizon. 

fourthly,  having  fleered  fome  time  upon  this 
new  courfe,  fuppofe,  by  fome  means  or  other, 
you  come  to  know  the  difference  of  longitude  of 
the  prefent  place  of  the  fhip,  and  of  any  of  the 
preceding  places,  C,  B,  A;  as  B,  for  inflance; 
then  bring  B  to  the  meridian,  and  turn  the 
globe  about,  till  fo  many  degrees  of  the  equator 
pafs  under  the  meridian,  as  are  equal  to  the  dif- 

covered  difference  of  longitude;  that  the  point 

of  the  great  arch  cut  by  the  meridian,  is  the  pre- 
fent  place  D  of  the  fhip,  to  which  the  new 
courfe  is  to  be  found  as  before. 

And  thus,  by  repeating  thefc  obfervations  at 
proper  intervals,  you  will  find  future  places,  E, 
&c. 

in  the  great  arch;  and  by  rectifying 
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the  courfe  at  each,  your  fhip  will  be  condu&cd 
on  the  great  circle,  or  the  neareft  way  from 
the  port  A  to  Z,  by  the  use  of  the  globe 
only. 

Of  the  general  Distribution  of  Land  and 
Water  in  the  Terraqueous  Globe,  with 
some  other  Geographical  Observations. 

Though  the  nature  of  our  plan  does  not  per¬ 
mit  us  to  enter  into  many  geographical  difqui- 
fitions,  yet  we  prefume  the  following  general 
tiew  will  not  bedeemcd  irrelative  to  the  fubjedt ; 
as,  while  it  tends  to  bring  the  pupil  acquainted 
w  ith  the  grand  outline  of  the  globe,  it  will  be  a 
pleafmg  relief  from  the  more  abftrufe  part  in 
which  he  has  been  exercifed. 

If  the  pupil  confiders  the  terreftrial  globe  as 
a  map,  he  will  find  that  land  and  water  are  gene¬ 
rally  contrafted  to  one  another  on  the  oppofite 
fide  of  the  world  ;  that  is,  if  there  be  land  on 
one  fide,  it  is  anfwered  by  water  in  the  anti¬ 
podes.  Thus  for  inftance,  the  circumpolar 
parts  of  the  northern  hemifphere  confift  chiefly 
of  land  ,•  but  the  circumpolar  parts  of  the  fouth 
confift  almoft  entirely  of  water.  It  was  for¬ 
merly  thought,  that  as  there  is  fo  much  land 
about  the  north  pole,  land  would  alfo  have  been 
found  about  the  fouth  pole,  to  have  bal lanced 
it.  But  the  difeoveries  of  our  circum-naviga- 

tors 
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tors  have  fhewn,  that  no  fueh  land  is  to  be  met 
with  ;  nor  ought  it  to  have  been  expe&ed,  for 
land  on  one  fide  is  ballanccd  by  water  on  the 
oppofite.  * 

If  you  bring  the  Cape  of  Good  Hope  under 
the  ftrong  brafs  meridian,  this  meridian  will 
pafs  through  the  heart  of  the  continents  of 
Europe  and  Africa  ;  but  the  oppofite  lemicircle 
paflcs  through  the  middle  of  the  great  fouth 
lea.  When  the  middle  of  the  northern  conti¬ 
nent  of  America,  about  the  meridian  of  Mexico, 
,s  examined  in  the  fame  way,  the  oppofite  part 
pafles  through  the  middle  of  the  Indian  ocean. 
I  he  fouthern  continent  of  New  Holland  is  op¬ 
pofite  to  the  Atlantic  ocean.  This  alternation 
of  land  and  water  is  too  regular  to  have  been 
cafual  ;  but  of  the  reafon  for  it,  or  the  benefits 
ariling  from  it,  we  arc  altogether  ignorant. 

There  is  another  phenomenon  which  is  more 
level  to  our  capacity,  the  manifeft  fuperiority  of 
the  northern  hemifphere  of  the  world  over  the 
fouthern.  It  has  more  land,  more  fun,  more 
light,  more  heat,  more  arts,  more  fenfe,  more 
learning,  more  truth,  more  religion.  The  land 
°f  the  fouthern  hemifphere,  that  is,  the  land 
"  hich  lies  on  the  other  fide  of  the  equino&ial 
does  not  amount  to  one-fourth  part  of 
H  hat  is  found  on  the  north  fide. 

The 
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The  fun,  from  the  eccentricity  of  the  earth's 
orbit,  and  the  flotation  of  the  aphelion,  makes 
our  fummer  eight  days  longer  than  the  fummer 
ot  the  other  hemifphere,  which  in  the  fpace  of 
4000  years  amounts  to  more  than  87  years. 

The  temperature  of  the  earth  and  atmofphere 
in  the  higher  northern  latitudes,  is  much  more 
mild  and  moderate  than  in  the  correlpondent 
fouthern  latitudes.  The  dreary  face  of  Staten 
land,  with  the  weather-beaten  Cape  of  South 
America,  a  climate  fo  fevere,  as  fcarcely  to  ad¬ 
mit  of  any  human  inhabitant,  is  not  nearer  to  the 
pole  than  the  northern  counties  of  England, 
while  the  difference  in  the  atmofphere  and  the 
afpecl  of  the  earth  is  almoft  incredible. 

The  nights  of  the  northern  hemifphere  dif- 
play  a  richer  canopy  than  thofe  of  the  fouthern. 
The  ftars  of  fuperior  magnitude  are  more 
numerous  on  this  fide  the  cquino&ial  than  on 
,the  other.  When  the  fun  is  remote  from  us 
in  winter,  our  longed  nights  are  illuminated 
by  the  principal  ftars  of  the  firmament.  When 
the  fun  enters  Capricorn,  the  whole  conftella- 
ticn  of  Orion,  the  brighteft  in  the  heavens, 
comes  to  the  meridian  about  midnight,  with 
feveral  other  ftars  of  the  firft  magnitude.  If 
the  midwinter  of  the  fouthern  hemifphere  be 
compared,  the  inferiority  of  the  nocturnal  illu- 
piination  is  wonderful,  and  will  be  evident 

to 
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-to  any  one  who  examines  the  problem  on  a 
celeftial  globe. 

The  intellectual  advantages  of  the  northern 
hernifphere  are  equally  confpicuous  with  the 
natural  advantages.  In  the  one,  the  arts  and 
faiences  have  always  flourifhed  ;  but  where  are 
poets,  the  hidorians,  the  orators,  the  philo¬ 
sophers,  of  the  Southern  world  ?  We  may  as 
Xv’ell  fearch  for  the  fciences  among  the  beads  of 
wildernefs.  There  would  be  no  end,  if  we 
"  ere  to  continue  the  comparifon  through  all  the 
Several  improvements  which  may  be  compre¬ 
hended  under  the  name  of  humanity ;  for  here 
"  e  have  every  thing  that  can  adorn  the  human 
hfe,  and  there  they  can  have  nothing.  He  that 
Confiders  the  fubjecd,  will  find  that  the  natural 
and  intellectual  advantages  always  correfpond 
to  each  other. 

Every  habitable  latitude  enjoys  a  heat  of  60 
Agrees  at  lead,  for  tw'o  months ;  which  heat 
fecms  neceflary  for  the  growth  and  maturity  of 
c°rn.  The  quicknefs  of  vegetation  in  the  higher 
atltudes,  proceeds  from  the  duration  of  the  fun 
°Ver  the  horizon.  Rain  is  little  warded,  as  the 
t^rth  ts  Sufficiently  moidened  by  the  melting  of 
e  Snow  that  covers  it  during  the  winter  :  cir- 
th^  ariCes>  "^Sdch,  among  many  others,  evince 

"^fe  difpodtion  of  things  by  divine  pro- 
Videnr  - 
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It  is  owing  to  the  fame  provident  hand  that 
the  glole  of  the  earth  is  interfe&ed  w  ith  Teas 
and  mountains,  in  a  manner  that  on  it’s  firft 
appearance  Teems  altogether  irregular  and  for¬ 
tuitous,  prefenting  to  the  uninformed  eye  the 
view  ot  an  immenfe  ruin;  but  when  the  effeds 
of  thefe  Teeming  irregularities  on  the  face  of  the 
globe,  are  carefully  infpeded,  they  arc  found 
mod:  beneficial,  and  even  needfary  to  the  welfare 
of  it’s  inhabitants  ;  for  to  fay  nothing  of  the  ad¬ 
vantages  of  trade  and  commerce,  which  could 
not  exift  without  thefe  Teas,  it  is  by  them  that 
the  cold  of  the  higher,  and  the  heat  ol  the  lower 
latitude,  is  moderated.  It  is  by  the  want  of  Teas, 
that  the  interior  parts  of  Alia,  as  Siberia  and 
Great  Tartary,  as  well  as  thofe  ot  Africa,  are 
rendered  almoft  uninhabitable.  In  the  fame 
manner,  mountains  are  rtcccflary,  not  only  as 
the  fourccs  of  rivers,  but  as  a  defence  againtt 
heat,  in  the  warm  latitudes;  without  the  Alps* 
Pyrenees,  Apeninc,  the  mountains  Dauphin^ 
and  Auvergne,  Italy,  Spain,  and  France,  would 
be  deprived  of  the  mild  air  they  now  enjoy. 
Without  the  Balgate  hills,  or  Indian  Apenine, 
India  w  ould  have  been  a  defect.  Hence  Jamaica# 
St.  Domingo,  Sumatra,  and  mod  other  intertro- 
pical  iflands,  are  furniihed  with  mountains# 
from  w  hich  proceed  the  breezes  by  w  hich  they 
are  refrelhcd.  *  -#->  o  o  a  V 
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ESSAY  II. 

PART  IV. 

Of  the  Use  of  the  Celestial  Globe. 

T^HE  celcftial  globe  is  an  artificial  repre- 

-*■  fentation  of  the  heavens,  having  the  fixed 
flats  drawn  upon  it,  in  their  natural  order  and 
fltuation  ;  whilft  it’s  rotation  on  it>  axis  repre¬ 
sents  the  apparent  diurnal  motion  of  the  fun, 
moon,  and  ftars. 

It  is  not  known  how  early  the  ancients  had 
any  thing  of  this  kind  :  we  are  not  certain  what 
the  lphere  of  Atlas  or  Mufaeus  was  ;  perhaps 
Palamedes,  who  lived  about  the  time  of  the 
"Trojan  war,  had  fomething  of  this  kind;  for  of 
Afln  it  is  faid, 

To  mark  the  figns  that  cloudlefs  Ikies  beftow. 
To  tell  the  feafons,  when  to  fail  and  plow, 

He  firft  devifed ;  each  planet’s  order  found, 

T’s  diltance,  period,  in  the  blue  profound. 

Trom  Pliny  it  would  feem  that  Hipparchus 
had  a  celeftial  globe  with  the  ftars  delineated 
uPon  it. 

It  is  not  to  be  fuppofed  that  the  celeftial  globe 
A  a  2  is 
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is  fo  juft  a  reprefentation  of  the  heavens  as  the 
terreftrial  globe  is  of  the  earth ;  becaufe  here  the 
ftars  are  drawn  upon  a  convex  furface,  whereas 
they  naturally  appear  in  a  concave  one.  But 
fuppofe  the  globe  were  made  of  glafs,  then  to 
an  eye  placed  in  the  center,  the  ftars  which  afe 
drawn  upon  it  would  appear  in  a  concave  fur- 
face,  juft  as  they  do  in  the  heavens. 

Or  if  the  reader  was  to  fuppofe  that  holes 
were  made  in  each  ftar,  and  an  eye  placed  in  the 
center  of  the  globe,  it  would  view,  through  thofe 
holes,  the  fame  ftars  in  the  heavens  that  they 
reprefent. 

As  the  terreftrial  globe,  by  turning  on  it’s 
axis,  reprefents  the  real  diurnal  motion  of  the 
earth  ;  fo  the  celeftial  globe,  by  turning  on  it’s 
axis,  reprefents  the  apparent  diurnal  motion  of 
the  heavens. 

For  the  fake  of  perfpicuity,  and  to  avoid  con¬ 
tinual  references,  it  will  be  necelfary  to  repeat 
here  fome  articles  which  have  been  already 
mentioned. 

The  ecliptic  is  that  graduated  circle  which 
crolfes  the  equator  in  an  angle  of  about  231  de¬ 
grees,  and  the  angle  is  called  the  obliquity  of 
the  ecliptiq. 

This  circle  is  divided  into  twelve  equal  parts, 
conftfting  of  30  degrees  each  ;  the  beginnings  of 
them  are  marked  ’vyith  characters,  reprefenting 
the  twelve  figns. 

Aries 
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Aries  y*t  Taurus  y,  Gemini  n>  Cancer  05, 
Leo  ft,  Virgo  ttj^,  Libra  rCb,  Scorpio  % 
Sagittarius  /,  Capricornus  V?,  Aquarius  45:, 
Tifces 

Upon  my  father’s  globes,  juft  under  the  eclip¬ 
tic,  the  months,  and  days  of  each  month,  are 
graduated,  for  the  readier  fixing  the  artificial 
fun  upon  it’s  place  in  the  ecliptic. 

The  two  points  where  the  ecliptic  croffes  the 
efiuinoCtial,  (the  circle  that  anfwers  to  the  equa¬ 
tor  on  the  terreftrial  globe)  are  called  the  equi¬ 
noctial  points  ;  they  are  at  the  beginnings  of 
Aries  and  Libra,  and  are  fo  called,  becaufe  when 
the  fun  is  in  either  of  them,  the  day  and  night 
is  every  where  equal. 

The  firft  points  of  Cancer  and  Capricorn  are 
called  folftitial  points  ;  becaufe  when  the  fun  ar¬ 
rives  at  either  of  them,  he  feems  to  ftand  in  a 
banner  ftill  for  feveral  days,  in  refpeCt  to  his 
diftance  from  the  equinoctial ;  when  he  is  in  one 
folftitial  point,  he  makes  to  us  the  longeft  day ; 
'vhen  in  the  other,  the  longeft  night. 

The  latitude  and  longitude  of  ftars  are  deter- 
mmed  from  the  ecliptic. 

The  longitude  of  the  ftars  and  planets  is 
reckoned  upon  the  ecliptic  ;  the  numbers  begin- 
ning  at  the  firft  points  of  Aries  Y\  where  the 
ecliptic  crolfes  the  equator,  and  increafe  ac- 
c°rding  to  the  order  of  the  figns. 

A  a  3 
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Thus  fuppofe  the  fun  to  be  in  the  ioth  degree 
of  Leo,  \ve  fay,  his  longitude,  or  place,  is  four 
figns,  ten  degrees ;  becaufc  he  has  already  palled 
the  four  figns,  Aries,  Taurus,  Gemini,  Cancer, 
and  is  ten  degrees  in  the  fifth. 

The  latitude  of  the  fiars  and  planets  is  deter¬ 
mined  by  their  difiance  from  the  ecliptic  upon  a 
fecondary  or  great  circle  palling  through  it’s 
poles,  and  eroding  it  at  right  angles. 

Twenty-four  of  thefe  circular  lines,  which 
crofs  the  ecliptic  at  right  angles,  being  fifteen 
degrees  from  each  other,  are  drawn  upon  the 
furface  of  our  eelefiial  globe ;  which  being 
produced  both  w  ays,  thofe  on  one  fide  meet  in 
a  point  on  the  northern  polar  circle,  and  thofe 
on  the  other  meet  in  a  point  on  the  fouthern 
polar  circle. 

The  points  determined  by  the  meeting  of 
thefe  circles  are  called  the  poles  of  the  ecliptic, 
one  north,  the  other  fouth. 

From  thefe  definitions  it  follows,  that  longi¬ 
tude  and  latitude  on  the  eelefiial  globe  bear 
juft  the  fame  relation  to  the  ecliptic,  as  they  do 
on  the  terreftrial  globe  to  the  equator. 

Thus  as  the  longitude  of  places  on  the  earth  is 
rneafured  by  degrees  upon  the  equator,  counting 
from  the  firft  meridian;  fo  the  longitude  of  the 
heavenly  bodies  is  rneafured  by  degrees  upon 
the  ecliptic,  counting  from  the  firft  point  of 
Aries. 


And 
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And  as  latitude  on  the  earth  is  meafured  by 
degrees  upon  the  meridian,  counting  from  the 
equator  ;  fo  the  latitude  of  the  heavenly  bodies 

meafured  by  degrees  upon  a  circle  of  longi¬ 
tude,  counting  cither  north  or  fouth  from  the 
ecliptic. 

The  fun,  therefore,  has  no  latitude,  being  al¬ 
ways  in  the  ecliptic  ;  nor  do  we  ufually  fpcak  of 
bis  longitude,  but  rather  of  his  place  in  the 
ecliptic,  exprelTing  it  by  fuch  a  degree  and 
minute  of  fuch  a  fign,  as  5  degrees  of  Taurus, 
inftead  of  35  degrees  of  longitude. 

The  diftance  of  any  heavenly  body  from  the 
cquinocftial,  meafured  upon  the  meridian,  is 
Called  it’s  declination. 

Therefore,  the  fun’s  declination,  north  or 
fouth,  at  any  time,  is  the  fame  as  the  latitude 
of  any  place  to  w  hich  he  is  then  vertical,  w  hich 
is  never  more  than  23,1  degrees. 

Therefore  all  parallels  or  declination  on 
die  eeleftial  globe  are  the  very  fame  as  parallels 
°f  latitude  on  the  terrcftrial. 

Stars  may  have  north  latitude  and  fouth  decli- 
nation,  and  vice  verfa. 

*hat  which  is  called  longitude  on  the  ter- 
rcffrial  globe,  is  called  right  ascension  on 
die  eeleftial ;  namely,  the  fun  or  ftars  d  iftance 
i°m  that  meridian  w  hich  paftes  through  the 
blh  point  of  Aries,  counted  on  the  equinoctial. 

A  a  4 
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Aftronomers  alfo  fpeak  of  oblique  ascension 
and  descension,  by  which  they  mean  the  dis¬ 
tance  of  that  point  of  the  equinoctial  from  the 
firft  point  of  Aries,  which  in  an  oblique  fphere 
rifes  or  feps,  at  the  fame  time  that  the  fun  or 
ftar  rifes  or  fets. 

Ascensional  difference  is  the  difference  be¬ 
twixt  right  and  oblique  afcenfion.  The  fun’s 
afcenfional  difference  turned  into  time,  is  juft  fo 
much  as  he  rifes  before  or  after  fix  o’clock. 

The  celeftial  figns  and  conftellations  on  the 
furface  of  the  celeftial  globe,  are  reprefented 
by  a  variety  of  human  and  other  figures,  to 
which  the  ftars  that  are  either  in  or  near  them, 
are  referred. 

The  feveral  fyftems  of  ftars  which  are  applied 
to  thofe  images,  are  called  conftellations. 
Twelve  of  thefe  are  reprefented  on  the  ecliptic 
circle,  and  extend  both  northward  and  fouth- 
ward  from  it.  So  many  of  thofe  ftars  as  fall 
•within  the  limits  of  8  degrees  on  both  fides  of 
the  ecliptic  circle,  together  w  ith  fuch  parts  of 
their  images  as  are  contained  within  the  afore- 
faid  bounds,  conftitute  a  kind  of  broad  hoop, 
belt,  or  girdle,  which  is  called  the  zodiac. 

The  names  and  the  refpe&ive  charafters  of 
the  twelve  figns  of  the  ecliptic  may  be  learned 
by  infpeftion  on  the  furface  of  the  broad  paper 
circle,  and  the  conftellations  from  the  globe  it- 
fclf. 
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The  zodiac  is  reprefented  by  eight  circles 
parallel  to  the  ecliptic,  on  each  fide  thereof; 
thefe  circles  are  one  degree  difiant  from  each 
other,  fo  that  the  whole  breadth  of  the  zodiac  is 
1 6  degrees. 

Among  ft  thefe  parallels,  the  latitude  of  the 
planets  is  reckoned ;  and  in  their  apparent 
motion  they  never  exceed  the  limits  of  thfc 
zodiac. 

On  each  fide  of  the  zodiac,  as  was  obferved, 
other  conftellations  are  diftinguifhed;  thofe  on 
the  north  fide  arc  called  northern,  and  thofe  on 
the  fouth  fide  of  it,  fouthern  conftellations. 

Of  the  Precession  of  the  Equinoxes.- 

All  the  ftars  which  compofe  thefe  conftella¬ 
tions,  are  fuppofed  to  increafe  their  longitude 
continually  ;  upon  which  fuppofition,  the  whole 
ftarry  firmament  has  a  flow  motion  from  weft 
to  eaft ;  infomuch  that  the  firft  ftar  in  the  con- 
ftellation  of  Aries,  which  appeared  in  the  vernal 
interfedion  of  the  equator  and  ecliptic  in- the 
time  of  Meton  the  Athenian,  upwards  of  1900 
years  ago,  is  now  removed  about  30  degrees 
from  it. 

This  change  of  the  ftars  in  longitude,  which 
has  now  become  diffidently  apparent,  is  owing 

a  fmall  retrograde  motion  of  the  equinodial 
points,  of  about  50  feconds  in  a  year,  which  is 
occafioned  by  the  attradion  of  the  fun  and 

moon 
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upon  the  protuberant  matter  about  the  equator. 
The  fame  caufe  alfo  occafions  a  fmall  deviation 
in  the  parallelifra  of  the  earth’s  axis,  by  which  it 
is  continually  direded  towards  different  points 
in  the  heavens,  and  makes  a  complete  revolution 
round  the  ecliptic  in  about  25,920  years.  The 
former  of  thefe  motions  is  called  the  precession 
op  the  equinoxes,  the  latter  the  nutation  of 
the  earth’s  axis.  In  confequencc  ofthis  fhifting 
of  the  equinodial  points,  an  alteration  has  taken 
place  in  the  figns  of  the  ecliptic ;  thofe  liars 
w  hich  in  the  infancy  ofallronomy  were  in  Aries, 
being  now  got  into  Taurus,  thofe  of  Taurus 
into  Gemini,  &c.  fo  that  the  liars  which  rofe  and 
fet  at  any  particular  feafon  of  the  year,  in  the 
times  of  Heliod,  Eudoxus,  and  Virgil,  will  not 
at  prefent  anfw er  the  deferiptions  given  of  them 
by  thofe  writers. 

To  REPRESENT  THE  MOTION  OF  THE  EQUINOC¬ 
TIAL  POINTS  BACKWARDS,  OR  IN  ANTECEDENTS, 

upon  the  celestial  globe,  elevate  the  north 
pole  fo  that  it’s  axis  may  be  perpendicular  to 
the  plane  of  the  broad  paper  circle,  and  the  equa¬ 
tor  will  then  be  in  the  fame  plane ;  let  thefe 
reprefent  the  ecliptic,  and  then  the  poles  of  the 
globe  will  alfo  reprefent  thofe  of  the  ecliptic; 
the  ecliptic  line  upon  the  globe  will  at  the  fame 
time  reprefent  the  equator,  inclined  in  an  angle 
of  23 £  degrees  to  the  broad  paper  circle, 
now  called  the  ecliptic,  and  cutting  it  in  two 

points, 
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points,  which  are  called  the  equino&ial  inter¬ 
actions. 

Now  if  you  turn  the  globe  flow  ly  round  upon 
It’s  axis  from  eafl  to  weft,  while  it  is  in  this  po¬ 
rtion,  thefe  points  of  intcrfedion  will  move 
round  the  fame  way  ;  and  the  inclination  of  the 
circle,  which  in  fhewing  this  motion  rcprefents 
the  cquino&ial,  will  not  be  altered  by  fuch  a 
revolution  of  the  interfecling  or  equinoctial 
points.  This  motion  is  called  the  prcceffion  of 
the  equinoxes,  becaufe  it  carries  the  equinoctial 
points  backwards  amongft  the  fixed  ftars. 

The  poles  of  the  world  feem  to  deferibe  a  cir¬ 
cle  from  eafl  to  w  eft,  round  the  poles  of  the 
ecliptic,  arifing  from  the  preceflion  of  the 
equinox.  It  is  a  very  flow  motion,  for  the  equi¬ 
noctial  points  take  up  72  years  to  move  one  de¬ 
gree,  and  therefore  they  arc  25,920  years  in 
deferibing  360  degrees,  or  completing  a  revolu¬ 
tion. 

This  motion  of  the  poles  is  eafily  reprefented 
by  the  above-deferibed  pofuion  of  the  globe,  in 
which,  il  the  reader  remembers,  the  broad  paper 
circle  reprefents  the  ecliptic,  and  the  axis  of  the 
globe  being  prependicular  thereto,  reprefents  the 
a*is  of  the  ecliptic;  and  the  two  points,  where 
the  circular  lines  meet,  will  reprefent  the 
poles  of  the  world,  whence  as  the  globe  is  (lowly 
turned  from  eafl:  to  weft,  thefe  points  will  revolve 
the  fame  way  about  the  poles  of  the  globe,  which 

are 
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are  here  flippofed  to  reprefent  the  poles  of  the 
ecliptic.  The  axis  of  the  world  may  revolve  as 
above,  although  it’s  fituation,  with  refpedl  to  the 
ecliptic,  be  not  altered ;  for  the  points  here  fup- 
pofed  to  reprefent  the  poles  of  the  world,  will 
always  keep  the  fame  diftancc  from  the  broad 
paper  circle,  which  reprefents  the  ecliptic  in  this 
lituation  of  the  globe.* 

From  the  different  degrees  of  brightnefs  in  the 
ffars,  fomc  appear  to  be  greater  than  others,  or 
nearer  to  us;  on  our  celeftial  globe  they  are 
diftinguifhed  into  feven  different  magnitudes. 

*  Rutherforth’s  Syftcm  of  Nat.  Philof.  vol.  ii.  p.  730. 


or  the 


USE  OF  T1IE  CELESTIAL  GLOBE, 

IN  THE  SOLUTION  OF 

PROBLEMS  RELATIVE  TO  THE  SUN. 

'C'  V  ER\  thing  that  relates  to  the  fun  is  of 
^  fych  importance  to  man,  that  in  all  things 
he  claims  a  natural  preheminence.  The  fun  is 
at  once  the  raoft  beautify!  emblem  of  the  Su¬ 
preme 
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preme  Being,  and,  under  his  influence,  the 
faltering  parent  of  worlds ;  being  prefent  to  them 
by  his  rays,  cheering  them  by  his  countenance, 
cherifhing  them  by  his  heat,  adorning  them  at 
each  returning  fpring  with  thegayefl:  and  richeft 
attire,  illuminating  them  with  his  light,  and 
feeding  the  lamp  of  life. 

To  the  ancients  he  was  known  under  a  variety 
°f  names,  each  charaderiftic  of  his  different 
effeds ;  he  was  their  Hercules,  the  great  de¬ 
liverer,  the  reftorer  of  light  out  of  darknefs,  the 
difpenfer  of  good,  continually  labouring  for  the 
happinefs‘  of  a  depraved  race.  He  was  the  Mi- 
thra  of  the  Perlians,  a  word  derived  from  love, 
or  mercy,  becaufe  the  whole  world  is  cherifhed 
by  him,  and  feels  as  it  were  the  effeds  of  his 
love. 

In  the  facred  feriptures,  the  original  fource  of 
all  emblematical  wa  itings,  our  Lord  is  called  our 
fun,  and  the  fun  of  righteoufnefs  ;  and  as  there  is 
but  one  fun  in  the  heavens,  fa  there  is  but  one 
true  God,  the  maker  and  redeemer  of  all  things, 
the  light  of  the  understanding,  and  the  life  of 
the  foul. 

As  in  feripture  our  God  is  fpoke  of  as  a  fliield 
and  buckler,  fo  the  fun  is  charaderized  by  this 
mark  0  reprelenting  a  fhield  or  buckler,  the 
middle  point  the  umbo,  or  bofs  ;  becaufe  it  is 
love,  or  life,  which  alone  can  proted from  fear 
and  death. 


His 
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His  celeftial  rays,  like  thofe  of  the  fun,  take 
their  circuit  round  the  earth  ;  there  is  no  corner 
of  it  fo  remote  as  to  be  without  the  reach  of  their 
vivifying  and  penetrating  power.  As  the  mate¬ 
rial  light  is  always  ready  to  run  it’s  heavenly  race, 
and  daily  ifiues  forth  with  renewed  vigour,  like 
an  invincible  champion,  ftill  frefh  to  labour;  fo 
Vikewife  did  our  redeeming  God  rejoice  to  run 
his  glorious  race,  he  excelled  in  lirength,  and 
triumphed,  and  continues  to  triumph  over  all 
the  powers  of  darknefs,  and  is  ever  manifefting 
himfelf  as  the  deliverer,  the  protestor,  the  friend, 
and  father  of  the  human  race.  * 

PROBLEM  L. 

To  rectify  the  celeftial  globe. 

To  rectify  the  celeftial  globe,  is  to  put  it  in 
that  pofition  in  which  it  may  reprefent  exatftly 
the  apparent  motion  of  the  heavens. 

In  different  places,  the  pofition  will  vary,  and 
that  according  to  the  different  latitude  of  the 
places.  Therefore,  to  rectify  for  any  place, 
find  firft,  by  the  terreftrial  globe,  the  latitude  of 
that  place. 

The  latitude  of  the  place  being  found  in  de¬ 
grees,  elevate  the  pole  of  the  celeftial  globe  the 
fame  number  of  degrees  and  minutes  above  the 
plane  of  the  horizon,  for  this  is  the  name  given 

to 
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to  the  broad  paper  circle,  in  the  ufe  of  the  ce- 
leftial  globe. 

Thus  the  latitude  of  London  being  5 1 1  de¬ 
grees,  let  the  globe  be  moved  till  the  plane  of 
the  horizon  cuts  the  meridian  in  that  point. 

The  next  rectification  is  for  the  fun’s  place, 
which  maybe  performed  as  directed  inpr.  xxix; 
or  look  for  the  day  of  the  month  clofe  under  the 
ecliptic  line,  againft  which  is  the  fun’s  place, 
place  the  artificial  fun  over  that  point,  then 
bring  the  fun’s  place  to  the  graduated  edge  of 
the  flrong  brazen  meridian,  and  fet  the  hour  in¬ 
dex  to  the  moft  elevated  twelve. 

Thus  on  the  24th  of  May  the  fun  is  in  3  L.  de¬ 
grees  of  Gemini,  and  is  fituated  near  the  bull’s 
eye  and  the  feven  ftars  which  are  not  then  vifible, 
on  account  of  his  fuperior  light.  I  f  the  fun  were 
on  that  day  to  fuffer  a  total  eclipfc,  thefe  ftars 
would  then  be  feen  fhining  with  their accuftomed 
brightnefs. 

Laftly,  fet  the  meridian  of  the  globe  north 
and  fouth,  by  the  compafs. 

And  the  globe  will  be  rectified,  or  put  into  a 
fimilar  pofition,  to  the  concave  furface  of  the 
heavens,  for  the  given  latitude. 

PROBLEM  LI. 

To  find  the  declination  of  the  fun  for  any  given 
day  in  the  year. 

$eek  the  day  of  the  month  clofe  under  the 

4  ecliptic 
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-ecliptic  line,  againft  which  is  the  fun’s  place; 
bring  that  point  under  the  ftrong  brafs  meridian, 
and  the  degree  that  ftands  over  it  is  the  fun’s 
declination  for  that  day. 

Thus,  on  the  23d  of  May  the  fun’s  declination 
will  be  about  23  deg.  10  min.;  and  upon  the 
23d  of  Auguft  it  will  be  1 1  deg.  13  min. 

/  PROBLEM  LI  I. 

To  find  the  fun’s  right  afeenfion. 

The  right  afeenfion  of  the  fun,  &c.  is  an  arch 
of  the  equinoctial  contained  between  the  begin¬ 
ning  of  Aries,  and  that  point  of  it.  which  comes 
to  the  meridian  with  it. 

Therefore,  bring  the  fun’s  place  to  the  me¬ 
ridian,  and  that  point  of  the  equinoctial  w  hich  is 
under  the  meridian  w  ill  fhew  the  fun’s  right  af¬ 
eenfion. 

Thus  on  the  nth  of  May  the  right  afeenfion 
w  ill  be  found  to  be  47  deg.  10  min. 

By  the  two  lafi:  problems,  wc  fee.  that  the 
right  afeenfion  and  declination  is  found  after  the 
fame  manner  as  the  longitude  and  latitude  of  a 
place  upon  the  terreftrial  globe. 

Bring  the  fun’s  place  to  the  weftern  edge  of 
the  horizon,  and  the  degree  of  the  equator,  cut 
by  the  horizon,  is  his  oblique  defeenfion;  carry 
him  round  to  the  eaftern  fide,  and  you  will  there 

find  his  oblique  afeenfion. 

l  problem 
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PROBLEM  li  11* 


The  latitude  of  the  place  and  the  fun's  place  being 
given,  to  find  the  fun’s  amplitude. 

That  degree  from  the  caff  or  weft  in  the  horU 
zon,  wherein  any  objetft  rifes  or  fets,  is  called  the 
•a  mplitude. 

Rectify  the  globe  to  the  latitude  of  the  place, 
and  bring  the  fun’s  place  to  thceaftern  fide  of  the 
Meridian,  and  the  arch  of  the  horizon  intercepted 
between  that  point  and  the  eaftern  point,  will  be 
the  fun’s  amplitude  at  riling. 

If  the  fame  point  be  brought  to  the  vveftern  fide 
of  the  horizon,  the  arch  of  the  horizon  inter¬ 
cepted  between  that  point  and  the  vveftern  point, 
will  be  the  fun’s  amplitude  at  letting. 

I  hus  on  the  24th  of  May  the  fun  rifes  at  four, 
with  36  degrees  of  eaftern  amplitude,  that  is,  36 
degrees  from  the  eaft  towards  the  north,  and  fets 
at  eight,  w  ith  36  degrees  of  vveftern  amplitude.! 

The  amplitude  of  the  fun  at  riling  and  fetting 
lncreafes  with  the  latitude  of  the  place:  and  in 
vpry  high  northern  latitudes,  the  fun  fcarce  fets 
before  he  rifes  again.  Homer  had  heard  fome- 
thing  of  this,  though  it  is  not  true  of  the 
L$firygoneSj  to  whom  he  applies  it. 


days  and  nights  a  doubtful  courfe  we  ftser;  1 
*  be  next,  proud  Lamos’  lofcy  towers  appear,  y 
And  L^ftrygonia’s  gates  arife  diftinft  in  air.  j 
B  b  The 
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The  fhephcrd  quitting  here  at  night  the  plain,. 
Calls,  to  fuccecd  his  cares,  the  watchful  fwain^ 
But  he  that  lcorns  the  chains  offlcep  to  w  ear. 

And  adds  the  herdfman's  to  the  (hepherd’s  care, 
So  near  the  paftures,  and  fo  fliort  the  way,  1 
fiis  double  toils  may  claim  a  double  pay,  )> 

And  join  the  labours  of  the  night  and  day.  J 

PROBLEM  LTV'. 

To  find  the  fun’s  altitude  at  any  given  time  of  the 
day. 

Set  the  center  of  the  artificial  fun  to  his  place 
in  the  ecliptic  upon  the  globe,  and  rectify  it  to 
the  latitude  and  zenith;  bring  the  center  of  the 
artificial  fun  under  the  ftrongbrals  meridian,  and 
fct  the  hour  index  to  that  XII  which  is  mod  ele¬ 
vated  ;  turn  the  globe  to  the  given- hour,  and  move 
the  graduated  edge  of  the  quadrant  to  the  center 
of  the  artificial  fun  ;  and  that  degree  on  the  qua¬ 
drant  which  is  cut  by  the  fun’s  center,  is  the  fun’s 
height  at  that  time. 

The  artificial  fun  being  brought  under  the 
flrongbrafs  meridian,  and  the  quadrant  laid  upon 
it’s  center,  will  fhew  it’s  meridian,  or  greatefir 
altitude,  for  that  day. 

It  the  fun  be  in  the  equator,  his  greateft  or  me¬ 
ridian  altitude  is  equal  to  the  elevation  of  the 
equator,  which  is  always  equal  to  the  co-latitude 
of  the  place. 

Thus  on  May  24,  at  nine,  o’clock,  the  fun  has 
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about  44  degrees  of  altitude,  and  at  fix  in  the 
evening  of  the  fame  day,  his  altitude  will  be 
about  20  degrees. 

Of  THE  AZIMUTHAL,  OR  VERTICAL  ClRCLES. 

The  vertical  point,  that  is,  the  uppermoft 
point  of  the  celeflial  globe,  reprefents  a  point  in 
lhe  heavens,  dire&ly  over  our  heads,  which  is 
called  our  zenith. 

From  this  point  circular  lines  may  be  con¬ 
ceived  eroding  the  horizon  at  right  angles. 

Thefe  are  called  azimuth  or  vertical  cir¬ 
cles.  That  one  which  erodes  the  horizon  at 
,Q  deg.  diftanqe  from  the  meridian  on  either 
ftde,  is  called  an  azimuth  circle  of  io  deg. ;  that 
Which  erodes  at  20,  is  called  an  azimuth  of 
20  deg. 

The  azimuth  of  90  deg.  is  called  the  prime 
vertical:  it  erodes  the  horizon  at  the  eadern 
and  weftern  points. 

Any  azimuth  circle  may  be  reprefented  by 
graduated  edge  of  the  brafs  quadrant  of  alti- 
llide,  when  the  center  upon  which  it  turns  is 
brewed  to  that  point  of  the  ftrong  brafs  meri- 
d>an  which  anfwers  to  the  latitude  of  the  place, 
and  the  place  is  brought  into  the  zenith.  See 
Pr°b.  xxx. 

the  faid  graduated  edge  fliould  lie  over  the 
Ur* s  center  or  place,  at  any  given  time,  it  will 
rePrefent  the  fun’s  azimuth  at  that  time. 

Bb  2 


If 
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If  the  graduated  edge  be  fixed  at  any  point,  fo' 
as  to  reprefent  any  particular  azimuth,  and  the 
fun’s  place  be  brought  there,  the  horary  index, 
will  lhevv  at  what  time  of  that  day  the  fun  will  be 
in  that  particular  azimuth. 

Here  it  may  be  obferved,  that  the  amplitude. 
and  azimuth  are  much  the  fame- 

The  amplitude  (hewing  the  bearing  of  any 
objed  when  it  rises  or  skts,  from  the  east  and 
WEST  points  of  the  horizon. 

The  azimuth  the  bearing  of  any  objed  when  it 
is  above  THE  horizon,  cither  from  the  NORTH 
©r  south  points  thereof.  Thefe  defections, 
and  illuftrations  being  underftood,  we  may  pro¬ 
ceed  to 


PROBLEM  LV- 

The  latitude,  the  fun’s  place,  and  his  altitude* 
being  given  j  to  find  the  hour  of  the  day,  and 
the  fun’s  azimuth  from  the  meridian. 

Having  rectified  the  globe  for  the  latitude,  the 
zenith,  and  the  fun’s  place,  turn  the  globe  and 
the  quadrant  of  altitude,  fo  that  the  fun’s  place 
may  cut  the  given  degree  ot  altitude:  then  the 
index  will  (hewr  the  hour,  and  the  quadrant  will 
cut  the-  azimuth  in  the  horizon.  Thus,  if  at 
London,  on  the  21ft  of  Auguft^the  fun’s  altitude 
be  36  deg:  in  the  forenoon,  the  hour  of  the  day 
will  be  IX,  and  the  fun’s  azimuth  about  58  deg. 
from  the  Cuuth  part  of  the  meridian. 

problem- 
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PROBLEM  LVI. 

^  he  latitude,  hour  of  the  day,  and  the  fun’s  place 
being  given,  to  find  the  fun  s  altitude  and 
azimuth. 

Re&ify  the  globe  for  the  latitude,  the  zenith, 
ar*d  the  fun’s  place,  then  the  number  of  degrees 
contained  betwixt  the  fun's  place  and  the  vertex, 
,s  the  fun’s  meridional  zenith  dillance;  the  com¬ 
plement  of  which  to  90  deg.  is  the  fun’s  meri¬ 
dian  altitude.  If  you  turn  the  globe  about  until 
die  index  points  to  any  other  given  hour,  then 
bringing  the  quadrant  of  altirudeto  cut  the  fun’s 
place,  you  will  have  the  fun’s  altitude  at  that 
hour;  and  where  the  quadrant  cuts  the  horizon, 
is  the  fun’s  azimuth  at  the  fame  time.  Thus 
May  the  ill  at  London,  the  fun’s  meridian  alti¬ 
tude  will  be  534  deg.;  and  at  10  o’clock  in  the 
Corning,  the  fun’s  altitude  vrill  be  46  deg.  and 
hIS  azimuth  about  46  deg.  from  the  fouth  putt  of 
the  meridian. 

PROBLEM  LVir. 

latitude  of  the  place,  and  the  day  of  the 
month  being  given;  to  find  the  depreflion  of 
die  fun  below  the  horizon,  and  the  azimuth  at 
any  hour  of  the  night. 

^Having  re&ified  the  globe  for  the  latitude, 
e  zenith,  and  the  fun’s  place,  take  a  point  in 
1C  Cchptic  exadlly  oppofite  to  the  fun’s  place, 
B  b  3  and 
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and  find  the  fun’s  altitude  and  azimuth,  as  by 
the  laft  problem,  and  thefe  will  be  the  depreflion 
and  the  altitude  required. 

Thus  if  the  time  given  be  the  ift  of  Novem¬ 
ber,  at  io  o’clock  at  night,  the  depreflion  and 
azimuth  will  be  the  fame  as  was  found  in  the  laft 
problem. 

PROBLEM  LVI II, 

The  latitude,  the  fun’s  place,  and  his  azimuth 
being  given,  to  find  his  altitude,  and  the  hour. 
Rectify  the  globe  for  the  latitude,  the  zenith, 
and  the  fun’s  place;  then  put  the  quadrant  ot 
altitude  to  the  fun’s  azimuth  in  the  horizon,  and 
turn  the  globe  till  the  fun’s  place  meets  the  edge 
of  the  quadrant,  then  the  faid  edge  will  fliew  the 
altitude,  and  the  index  point  to  the  hour. 

Thus,  May  21ft,  at  London,  when  the  fun  is 
due  eaft,  his  altitude  will  be  about  24  degrees, 
and  the  hour  about  VII  in  the  morning;  and 
when  his  azimuth  is  60  degrees  fouth-wefterly, 
the  altitude  will  be  about  44  i  degrees,  and  the 
hour  about  2  I  in  the  afternoon. 

Thus  the  latitude  and  the  day  being  known, 
and  having  befides  either  the  altitude,  the  azi¬ 
muth,  or  the  hour,  the  other  two  may  be  eafily 
found. 


problem 
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PROBLEM  LIX. 

The  latitude,  the  fun’s  altitude,  and  his  azimuth 
being  given,  to  find  his  place  in  the  ecliptic, 
and  the  hour. 

Redtify  the  globe  for  the  latitude  and  zenith, 
•and  fet  the  edge  of  the  quadrant  to  the  given  a 74- 
Tnuth;  then  turning  the  globe  about,  that  point 
of  the  ecliptic  'which  cuts  the  altitude,  will  be 
the  fun's  place.  Keep  the  quadrant  of  altitude 
in  the  fame  polition,  and  having  brought  the 
fun’s  place  to  the  meridian,  and  the  hour  index 
to  12  at  noon,  turn  the  globe  about  till  the  fun's 
place  cuts  the  quadrant  of  altitude,  and  then  the 
index  will  point  the  hour  of  the  day. 

problem  lx^ 

The  declination  and  meridian  altitude  of  the  fun, 
or  of  any  flar  being  given,  to  find  the  latitude 
of  the  place. 

Mark  the  point  of  declination  upon  the  me¬ 
ridian,  according  as  it  is  either  north  or  fouth 
from  the  equator;  then  flide  the  meridian  up  or 
down  in  the  notches,  till  the  point  of  declination 
be  fo  far  diftant  from  the  horizon,  as  is  the  given 
Meridian  altitude;  that  elevation  of  the  pole  will 
^e  the  latitude. 

Thus  if  the  fun's,  or  any  liar's  meridian  alti¬ 
tude  be  50  degrees,  and  it’s  declination  be  1 1  | 
Bb  4  degrees 
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degrees  north,  the  latitude  will  be  51  i  degrees 
north- 


PROBLEM  LXI. 

To  find  the  length  of  any  day  in  the  year,  in  any 
latitude,  not  exceeding  66  i  degrees. 

Elevate  the  celeftial  globe  to  the  latitude,  and 
fet  the  center  of  the  artificial  fun  to  his  place  upon 
the  ecliptic  line  on  the  globe  for  the  given  day, 
and  bring  it’s  center  to  the  ftrong  brafs  meridian, 
placing  the  horary  index  to  that  XII  which  is 
mod  elevated;  then  turn  the  globe  till  the  arti¬ 
ficial  fun  cuts  the  eaftern  edge  of  the  horizon,  and 
the  horary  index  will  fhew  the  time  of  fun-rifing; 
turn  it  to  the  weftern  fide,  and  you  obtain  the 
hour  of  fun-fetting. 

The  length  of  the  day  and  night  will  be  ob¬ 
tained,  by  doubling  the  time  of  fun-rifing  and 
fetting,  as  before, 

PROBLEM  LXI  I. 

To  find  the  length  of  the  longefi:  and  fhorteft 
days  in  any  latitude  that  does  not  exceed  66  * 
degrees. 

Elevate  the  globe  according  to  the  latitude, 
and  place  the  center  of  the  artificial  fun  for  the 
longefi:  day  upon  the  firft  point  of  Cancer,  but 
for  the  fhorteft  day  on  the  firft  point  of  Capri¬ 
corn,  then  proceed  as  in  the  laft  problem. 

But  if  the  place  hath  fouth  latitude,  the  fun  is 
4  ift 
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in  the  fir  ft  point  of  Capricorn  on  their  longelt 
day,  and  in  the  firft  point  of  Cancer  on  their 
ftioaeft  day. 

PROBLEM  LXIII. 

To  find  the  latitude  of  a  place,  in  which  it  s 
longeft  day  may  be  of  any  given  length  between 
twelve  and  tw'enty-four  hours. 

Set  the  artificial  fun  to  the  firft  point  of  Cancer, 
bring  it’s  center  to  the  ftrong  brafs  meridian, 
and  fet  the  horary  index  to  XII;  turn  the  globe 
till  it  points  to  half  the  number  of  the  given  hours 
and  minutes;  then  elevate  or  deprefs  the  pole, 
till  the  artificial  fun  coincides  with  the  horizon, 
And  that  elevation  of  the  pole  is  the  latitude 
required. 


PROBLEM  LXI V. 

To  find  the  time  of  the  fun’s  rifing  and  fetting, 
the  length  of  day  and  night,  on  any  place 
whofe  latitude  lies  between  the  polar  circles; 
and  alfo  the  length  of  the  (horteft  day  in  any  of 
thole  latitudes,  and  in  w  hat  climate  they  are. 
Reiftify  the  globe  to  the  latitude  of  the  given 
place,  and  bring  the  artificial  fun  to  his  place  in 
the  ecliptic  for  the  given  day  of  the  month;  and 
then  bring  it’s  center  under  the  ftrong  brafs  me¬ 
ridian,  and  fet  the  horary  index  to  that  XII  which 
18  rnoft  elevated. 

i ben  bring  the  center  of  the  artificial  fun  to 

the 
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the  eaftern  part  of  the  broad  paper  circle,  which 
in  this  cafe  reprefents  tire  horizon,  and  the  horary 
index  fhews  the  time  of  the  fun-rifing;  turn  the 
artificial  fan  to  the  weflcrn  fide,  and  the  horary 
index  w  ill  faew  the  time  of  the  fun-fetting. 

Double  the  time  of  fun-rifing  is  the  length  of 
the  night,  and  the  double  of  that  of  fun-fetting  is 
the  length  of  the  day. 

Thus  on  the  5th  day  of  June,  the  fun  rifes  at 
^  h.  40  min.  and  fets  at  8  h.  20  min. ;  by 
doubling  each  number  it  will  appear,  that  the 
length  of  this  day  is  16  h.  40  min.  and  that  of 
the  night  7  h.  20  min. 

The  longeft  day  at  all  places  in  north  latitude, 
is  when  the  fun  is  in  the  firft  point  of  Cancer. 
And, 

The  longed  day  to  thofe  in  fouth  latitude,  is 
when  the  fun  is  in  the  firft  point  of  Capricorn. 

Wherefore,  the  globe  being  rectified  as  above, 
and  the  artificial  fun  placed  to  the  firft  point  of 
Cancer,  and  brought  to  the  eaftern  edge  of  the 
broad  paper  circle,  and  the  horary  index  being 
fet  to  that  XII  which  is  morft  elevated,  on  turning 
the  globe  from  eaft  to  weft,  until  the  artificial 
fun  coincides  with  the  wefiern  edge,  the  number 
of  hours  counted,  w  hich  are  pafled  over  by  the 
horary  index,  is  the  length  of  the  longeft  day^ 
their  complement  to  twenty-four  hours  gives  the 
kngth  of  the  fhorteft  night. 

If  twelve  hours  be  fubtrafted  from  the  length 

of 
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of  the  longeft  day,  and  the  remaining  hours  dou¬ 
bled,  you  obtain  the  climate  mentioned  by  ancient 
hiftorians  :  and  if  you  take  half  the  climate,  and 
add  thereto  twelve  hours,  you  obtain  the  length  of 
the  longeft  day  in  that  climate.  This  holds  good 
for  every  climate  between  the  polar  circles. 

A  climate  is  a  fpace  upon  the  furface  of  the 
earth,  contained  between  two  parallels  of  lati¬ 
tude,  fo  fardiftant  from  each  other,  that  the  lon¬ 
geft  day  in  one,  differs  half  an  hour  from  the 
longeft  day  in  the  other  parallel.  v 

PROBLEM  LXV. 

The  latitude  of  a  place  bei  ng  given  in  one  of  the 
polar  circles,  (fuppofe  the  northern)  to  find 
what  number  of  days  (of  24  hours  each)  the 
fun  doth  conftantly  Ihine  upon  the  fame,  how 
long  he  is  abfent,  and  alfo  the  firft  and  laft  day 
of  his  appearance. 

Having  reftified  the  globe  according  to  the 
latitude,  turn  it  about  until  fome  point  in  the 
firft  quadrant  of  the  ecliptic  (bccaufe  the  latitude 
is  north)  interfetfts  the  meridian  in  the  north 
point  of  the  horizon ;  and  right  againft  that  point 
of  the  ecliptic,  on  the  horizon,  ftands  the1  day  of 
the  month  when  the  longeft  day  begins. 

And  if  the  globe  be  turned  about  till  fome 
point  in  the  fecond  quadrant  of  the  ecliptic  cuts 
the  meridian  in  the  fame  point  of  the  horizon,  it 
Vr  ill  fhew  the  fun’s  place  when  the  longeft  day 

ends, 
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ends,  whence  the  day  of  the  month  may  be 
found,  as  before  ;  then  the  number  of  natural 
days  contained  between  the  times  the  longed  day 
begins  and  ends,  is  the  length  of  the  longed  day 
required. 

Again,  turn  the  globe  about,  until  fome  point 
in  the  third  quadrant  of  the  ecliptic  cuts  the  me¬ 
ridian  in  the  fouth  part  of  the  horizon  ;  that 
point  of  the  ecliptic  will  give  the  time  when  the 
longed  night  begins. 

Ladly,  turn  the  globe  about,  until  -fome  point 
in  the  fourth  quadrant  of  the  ecliptic  cuts  the 
meridian  in  the  fouth  point  of  the  horizon;  and 
that  point  of  the  ecliptic  will  be  the  place  of  the 
fun  when  the  longed  night  ends. 

Or,  the  time  when  the  longed  day  or  night 
begins,  being  known,  their  end  may  be  found  by 
counting  the  number  of  days  from  that  time  to 
the  fucceeding  foldice;  then  counting  the  fame 
number  of  days  from  the  folditial  day,  will  give 
the  time  when  it  ends. 

Of  the  Equation  of  Time. 

It  is  not  poflibic  in  a  treatife  of  this  kind  to 
enter  into  a  difquifition  of  the  nature  of  time.  It 
is  fufficient  to  obferve,  that  if  we  would  with 
exaednefs  edimate  the  quantity  of  any  portion  of 
infinite  duration,  or  convey  an  idea  of  the  fame 
ro  others,  we  make  ufe  of  fuch  known  meafures 
as  have  been  originally  borrowed  from  the  mo- 
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tions  of  the  heavenly  bodies.  It  is  true,  none  of 
thefe  motions  are  exaftly  equal  and  uniform,  but 
are  fubjefl  to  fome  fmall  irregularities,  which, 
though  of  no  confequence  in  the  affairs  of  civil 
life,  mull:  be  taken  into  the  account,  in  agrono¬ 
mical  calculation.  There  are  other  irregularities 
of  more  importance,  one  of  which  is  in  the  in¬ 
equality  of  the  natural  day. 

It  is  a  confideratmn  that  cannot  be  refleded 
upon  without  furprize,  that  wherever  we  look  for 
commenfurabilities  and  equalities  in  nature,  we 
are  always  difappointed.  The  earth  is  fpherical, 
but  not  perfedly  fo  ;  the  fummer  is  unequal, 
when  compared  with  the  winter;  the  ecliptic 
difagrees  with  the  equator,  and  never  cuts  it 
twice  in  the  fame  equinodial  point.  The  orbit 
of  the  earth  has  an  eccentricity  more  than  double 
in  proportion  to  the  fpheroidity  of  it’s  globe ;  no 
number  of  the  revolutions  of  the  moon  coincide 
w  ith  any  number  of  the  revolutions  of  the  earth 
in  it’s  orbit :  no  two  of  the  planets  meafure  one 
another :  and  thus  it  is  wherever  we  turn  our 
thoughts,  fo  different  are  the  views  of  the  Cre¬ 
ator  from  our  narrow  conception  of  things ; 
"  here  we  look  for  commcnfuration,  we  find  va¬ 
riety  and  infinity. 

Thus  ancient  afironomers  looked  upon  the 
Motion  of  the  fun  to  be  fufiiciently  regular  for 
the  menfu ration  of  time  ;  but  by  the  accurate 
obfervations  of  later  afironomers,  it  is  found  that 

neither 
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neither  the  days,  nor  even  the  hours,  as  meafured 
by  the  fun’s  apparent  motion,  are  of  an  equal 
length  on  two  accounts. 

1  ft,  A  natural  or  folar  day  of  24  hours,  is  that 
fpace  of  time  the  fun  takes  up  in  palling  from 
any  particular  meridian  to  the  fame  again;  but 
one  revolution  of  the  earth,  with  refpe<ft  to  a 
fixed  ftar,  is  performed  in  23  hours,  56  minutes, 
4  feconds;  therefore,  the  unequal  progrellion  of 
the  earth  through  her  elliptical  orbit,  ( as  ihe 
takes  almoft  eight  days  more  to  run  through  the 
northern  half  of  the  ecliptic,  than  Ihe  does  to  pafs 
through  the  fouthern)  is  the  rcafon  that  the 
length  of  the  day  is  not  exactly  equal  to  the 
time  in  which  the  earth  performs  it’s  rotation 
about  it’s  axis. 

2dly,  From  the  obliquity  of  the  ecliptic  to  the 
equator,  on  which  laft  we  mcafure  time ;  and  as 
equal  portions  of  one  do  not  correfpond  to  equal 
portions  of  the  other,  the  apparent  motion  of 
the  fun  would  not  be  uniform ;  or,  in  other 
words,  thofe  points  of  the  equator  which  come 
to  the  meridian,  with  the  place  of  the  fun  on 
different  days,  would  not  be  at  equal  diftances 
from  each  other. 

problem  lxvi. 

To  illuftrate,  by  the  globe,  the  caufes  of  the 
equation  of  time. 

This  laft  is  eafily  feen  upon  the  globe,  by 

bringing 
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bringing  every  tenth  degree  of  the  ecliptic  tx> 
the  graduated  fide  of  the  ftrong  brafs  meridian, 
and  you  will  find  that  each  tenth  degree  on  the 
equator  will  not  come  thither  with  it,  but  in  the 
following  order  from  X to  25>  every  tenth  degree 
of  the  ecliptic  comes  fooner  to  the  flrong  brafs. 
meridian  than  their  corresponding  ioths  on  the 
equator;  thofe  in  the  fecond  quadrant  of  the 
ecliptic,  from  25  to  =c=,  come  later,  from  =2:  to 
Vj>  fooner,  and  from  VJ5  to  Aries  later,  whilifc 
thofe  at  the  beginning  of  each  quadrant  come  to 
the  meridian  at  the  lame  time;  therefore  the 
fun  and  clock  would  be  equal  at  thefe  four 
times,  ifthe  fun  was  not  longer  in  palling  through 
one  half  of  the  ecliptic  than  the  other,  and  the 
two  inequalities  joined  together,  compofc  that 
difference  w  hich  is  called  the  equation  of  time. 

Thefe  caufes  are  independent  of  each  other, 
fometimes  they  agree,  and  at  other  times  are 
contrary  to  one  another. 

The  inequality  of  the  natural  day  is  the  caufe 
that  clocks  or  watches  are  fometimes  before, 
fometimes  behind  the  fun. 

A  good  and  w  ell-regulated  clock  goes  uni¬ 
formly  on  throughout  the  year,  fo  as  to  mark  the 
equal  hours  of  a  natural  day,  of  a  mean  length : 
a  fon-dial  marks  the  hours  of  every  day  in  fuch 
a  manner,  that  every  hour  is  a  24th  part  of  the 
time  between  the  noon  of  that  day,  and  the 
noon  of  the  day  immediately  following.  The 

time 
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time  mcafured  by  a  clock  is  called  equal  or  true 
time,  that  meafured  by  the  fun-dial  apparent 
time. 

Of  the  Use  of  the  Celestial  Globe,  in 
Problems- relative  to  the  Planets. 

The  fituation  of  the  fixed  liars  being  always 
the  fame  with  refpe<5t  to  one  another,  they  have 
their  proper  places  afiigned  to  them  on  the 
globe. 

But  to  the  planets  no  certain  place  can  be 
afiigned,  their  fituation  always  varying. 

That  fpace  in  the  heavens,  within  the  com- 
pafs  of  which  the  planets  appear,  is  called  the 
zodiac. 

The  latitude  of  the  planets  fcarce  ever  ex¬ 
ceeding  8  degrees,  the  zodiac  is  faid  to  reach 
about  8  degrees  on  each  fide  of  the  ecliptic. 

Upon  the  celeftial  globe,  on  each  fide  of  the 
ecliptic,  are  drawn  eight  parallel  circles,  at  the 
difiance  of  one  degree  from  each  other,  including 
a  fpace  of  16  degrees;  thefe  are  crolfed  at  right 
angles,  with  fegments  of  great  circles  at  every 
5th  degree  of  the  ecliptic;  by  thefe,  the  place  of 
a  planet  on  the  globe,  on  any  given  day,  may  be 
afeertained  with  accuracy. 

problem  lx vii. 

Jo  find  the  place  of  any  planet  upon  the  globe, 

and  by  that  means  to  find  it’s  place  in  the 

heavens; 
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heavens ;  alfo,  to  find  at  what  hour  any  planet 
will  rife  or  fet,  or  be  on  the  meridian,  on  any 
day  in  the  year. 

Redbify  the  globe  to  the  latitude  and  furi’s 
place,  then  find  the  planet’s  longitude  and  lati¬ 
tude  in  an  ephemcris,  and  fet  the  graduated 
edge  of  the  moveable  meridian  to  the  given  Ion-- 
gitude  in  the  ecliptic,  and  counting  fo  many 
degrees  amongftthe  parallels  in  the  zodiac,  either 
above  or  below  the  ecliptic,  as  her  latitude  is 
north  or  fouth;  and  fet  the  center  artificial  fun 
to  that  point,  and  the  center  will  reprefent  the 
place  of  the  planet  for  that  time. 

Or  fix  the  quadrant  of  altitude  over  the  pole 
of  the  ecliptic,  and  holding  the  globe  fall,  bring 
the  edge  of  the  quadrant  to  cut  the  given  degree 
of  longitude  on  the  ecliptic;  then  feek  the  given 
latitude  on  the  quadrant,  and  the  place  under 
lt  is  the  point  fought. 

While  the  globe  moves  about  it’s  axis,  this 
Point  moving  along  with  it  will  reprefent  the 
Planet’s  motion  in  the  heavens.  If  the  planet 
, '  brought  to  the  eaftern  fide  of  the  horizon,  the 
Orarj  index  will  Ihew  the  time  of  it’s  riling. 

1  e  artificial  fun  is  above  the  horizon,  the 
P  anet  will  not  be  vifible:  when  the  planet  is 
tr  the  ftrong  brazen  meridian,  the  hour  in- 
**  W1^  ^e  on  that  circle  in 
tim  CaVcns :  "  ken  it  is  at  the  weftern  edge,  the 
c  of  it  s  fetting  will  be  obtained. 

Cc 
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PROBLEM  LXVllt. 

To  find  diredtly  the  planets  which  are  above  the 
horizon  at  fun-fet,  upon  any  given  day  and 
latitude. 

Find  the  fun’s  place  for  the  given  day,  bring 
it  to  the  meridian,  fet  the  hour  index  to  XII,. 
and  elevate  the  pole  for  the  given  latitude :  then 
bring  the  place  of  the  fun  to  the  weftfrn  femi- 
circlt  of  the  horizon,  and  obferve  what  figns  arc 
in  that  part  of  the  ecliptic  above  the  horizon, 
then  cad  your  eye  upon  the  ephemeris  for  that 
month,  and  you  will  at  once  fee  what  planets 
poflefs  any  of  thofe  elevated  figns  ;  for  fuch  will 
be  vifible,  and  fit  for  obfervation  on  the  night  of 
that  day. 

problem  1XIX. 

To  find  the  right  afeenfion,  declination,  ampli¬ 
tude,  azimuth,  altitude,  hour  of  the  night, 
&c.  of  any  given  planet,  for  a  day  of  a  month 
and  latitude  given. 

Redtify  the  globe  for  the  given  latitude  and 
day  of  the  month;  then  find  the  planet’s  place, 
as  before  directed,  and  then  the  right  afeenfion, 
declination,  amplitude,  azimuth,  altitude,  hour, 
&c.  are  all  found,  as  diredled  in  the  problem* 
for  the'  fun ;  there  being  no  ‘difference  in  the 
procefs,  no  repetition  can  be  rtecefiary. 
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Of  the  Use  of  the  Celestial  Globe,  in 
Problems  relative  to  the  Moon. 

From  the  fun  and  planets  we  now  proceed  to 
thofc  problems  that  concern  the  moon,  the 
brilliant  fatcllite  of  our  earth,  which  every  month 
enriches  it  with  it’s  prefence  j  by  themildnefs  of 
u’s  light  foftening  thedarknefs  of  night;  by  it’s 
^fluence  affedting  the  tide ;  and  by  the  variety 
°f  it’s  afpedts,  offering  to  our  view  fome  very 
remarkable  phenomena. 

“  Soon  as  the  ev’ning  fhades  prevail. 

The  moon  takes  up  the  wond’rous  tale ; 

And  nightly  to  the  lift’ning  earth. 

Repeats  the  (lory  of  her  birth : 

W  hillt  all  the  ftars  that  round  her  burn. 

And  all  the  planets  in  their  turn. 

Confirm  the  tidings  as  they  roll. 

And  fpread  the  truth  from  pole  to  pole.” 

As  the  orbit  of  the  moon  is  conftantly  varying 
lri  it’s  pofition,  and  the  place  of  the  node  always 
cbanging,  as  her  motion  is  even  variable  in  every 
Part  of  her  orbit,  the  folutions  of  the  problems 
u  bich  relate  to  her,  are  not  altogether  fo  fimple 
as  thofe  which  concern  the  fun. 

^he  moon  increafes  her  longitude  in  the 
j^iptic  every  day,  about  13  degrees,  10  minutes, 

^  "  hich  means  fhe  croffes  the  meridian  of  any 
C  c  2  place 


DESCRIPTION  and  use 


404 

place  about  50  minutes  later  than  fhe  did  the 
preceding  day. 

Thus  if  on  any  day  at  noon  her  place  (longi¬ 
tude)  be  in  the  1 2th  degree  of  Taurus,  it  will 
be  13  deg.  10  min.  more,  or  25  deg.  10  min.  in 
Taurus  on  the  fucceeding  noon. 

It  is  new  moon  when  the  fun  and  moon  have 
the  fame  longitude,  or  are  in  or  near  the  fame 
point  of  the  eliptic. 

When  they  have  oppolite  longitudes,  or  are  in 
oppofite  points  of  the  ecliptic,  it  is  full  moon. 

To  afcertain  the  moon’s  place  with  accuracy, 
we  muft  recur  to  an  ephemeris ;  but  as  even  in 
moft  ephemerides  the  moon’s  place  is  only  fhewn 
at  the  beginning  of  each  day,  or  XII  o’clock  at 
noon,  it  becomes  ncceflary  to  fupply  by  a  table 
this  deficiency,  and  affign  thereby  her  place  for 
any  intermediate  time. 

In  the  nautical  ephemeris,  publifhcd  under 
the  authority  of  the  Board  of  Longitude,  we 
have  the  moon’s  place  for  noon  and  midnight, 
with  rules  for  accurately  obtaining  any  interme¬ 
diate  time;  but  as  this  ephemeris  may  not 
always  be  at  hand,  we  (hall  infert,  from  Mr. 
Martin’s  trcatifc  on  the  globes,  a  table  for  finding 
the  hourly  motion  of  the  moon.  In  order,  how¬ 
ever,  to  ufe  this  table,  it  w  ill  be  neceflary  firfi 

TO  FIND  THE  QUANTITY  OFTIIE  MOON’S  DIURNA^ 

motion  in  the  ecliptic,  for  any  given  day ; 
for  the  quantity  of  the  moon’s  diurnal  motion 

varies 
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varies  from  about  1 1  deg.  46  min.  the  lead,  to 
1 5  deg.  1 6  min.  when, great-eft. 

The  following  tables  are  calculated  from  the 
ieaft  of  1 1  deg.  46  min.  to  the  greateft  of  1 5 
deg.  16  min.  every  column  being  increafing  10 
minutes ;  upon  the  top  of  the  column  is  the 
quantity  of  the  diurnal  motion,  and  on  the  lide 
of  the  table  are  the  24  hours,  by  which  means  it 
■will  be  eafy  to  find  what  part  of  the  diurnal  mo¬ 
tion  of  the  moon  anfwers  to  any  given  number 
of  hours. 

Thus  fuppofe  the  diurnal  motion  to  be  12  32, 
look  on  the  top  column  for  the  number  neareft 
to  it,  which  you  will  find  to  be  12  36,  in  the 
fixt^i  column;  and  under  it,  againft  9  hours, 
you  will  find  4  deg.  43  min.  w  hich  is  her  mo¬ 
tion  in  the  ecliptic  in  the  fpace  of  9  hours  for 
that  day.  The  quantity  of  the  diurnal  motion 
for  any  day  is  found  by  taking  the  difference  be¬ 
tween  it  and  the  preceding  day. 

Thus  let  the  diurnal  motion  for  the  nth  of 
May,  1787,  be  required. 

SICNS.  DEC.  MIN, 

On  the  nth  of  May  her  place  was  n  2  35 

On  the  1  oth  of  May  -  10  19  ‘  47 

The  diurnal  motion  fought  12  48 


Cc  3 
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The  moon’s  path  may  be  reprefented  on  the 
globe  in  a  very  pleafing  manner,  by  tying  a  iilken 
line  over  the  furface  of  the  globe,  exadtly  on  the 
ecliptic;  then  finding,  by  an  ephemeris,  the 
place  of  the  nodes  for  the  given  time,  confine 
the  filk  at  thefe  two  points,  and  at  90  degrees 
diftance  from  them  elevate  the  line  about  5* 
deg.  from  the  ecliptic,  and,  deprefs  it  as  much 
on  the  other,  and  it  will  then  reprefent  the  lunar 
orbit  for  that  day. 

P  R  o  B  L  E  M  LXX. 

To  find  the  moon’s  place  in  the  ecliptic,  for  any' 
given  hour  of  the  day. 

Firft  without  an  ephemeris,  only  knowing 
the  age  of  the  moor),  which  may  be  obtained  from 
every  common  almanack. 

Elevate  the  north  pole  of  the  celeftial  globe  to 
90  degrees,  and  then  the  equator  will  be  in  the 
plane  of,  and  coincide  with  the  broad  paper  cir¬ 
cle  ;  bring  the  firft  point  of  Aries,  marked  "f  on 
the  globe,  to  the  day  of  the  new  moon  on  the  faid 
broad  paper  circle,  which  anfwers  to  the  fun’s 
place  for  that  day;  and  the  day  of  the  moon’s 
age  will  ftand  againft  the  fign  and  degree  of  the 
moon’s  mean  place ;  to  which  place  apply  a 
fmall  patch  to  reprefent  the  moon. 

But  if  you  are  provided  with  an  ephemeris,* 
that  will  give  the  moon’s  latitude  and  place  in 

the 


The  nautical  almanack  is  the  befl  En^llOi  ephemeris. 
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the  ecliptic;  firft  note  her  place  in  the  ecliptic 
upon  the  globe,  and  then  counting  fo  many  de¬ 
grees  amongft  the  parallels  in  the  zodiac,  either 
above  or  below  the  ecliptic,  as  her  latitude  is 
north  or  fouth  upon  the  given  day,  and  that  will 
be  the  point  which  reprefents  the  true  place  of 
the  moon  for  that  time,  to  which  apply  the  arti¬ 
ficial  fun,  or  a  fmall  patch. 

Thus  on  the  nth  of  May,  1787,  (he  was  at 
noon  in  2  deg.  35  min.  of  Pifces,  and  her  lati¬ 
tude  was  4  deg.  1 8  min. ;  but  as  her  diurnal  mo¬ 
tion  for  that  day  is  12  48  in  nine  hours,  {he 
will  have  palfed  over  4  deg.  47  min.  which  added 
ro  her  place  at  noon,  gives  7  h.  22  min.  for  her 
place  on  the  1  ith  of  May,  at  nine  at  night. 

PROBLEM  LXXI. 

To  find  the  moon’s  declination  for  any  given 
day  or  hour. 

The  place  in  her  orbit  being  found,  by  prob. 
Ixx.  bring  it  to  the  brazen  meridian;  then  the 
arch  of  the  meridian  contained  between  it  and 
*be  equino&ial,  will  be  the  declination  fought. 

P  R  o  B  L  E  M  LXXII. 

To  find  the  moon’s  greateft  and  lead  meridian 
altitudes  in  any  given  latitude,  that  of  London 
for  example. 


It 


description  and  use 


410 

It  is  evident,  this  can  happen  only  when  the 
stfeending  node  of  the  moon  is  in  the  vernal 
equinox;  for  then  her  greateft  meridian  alti¬ 
tude  will  be  5  deg.  greater  than  that  of  the  fun, 
and  therefore  about  f>7  deg. ;  aifo  her  leaft 
meridian  altitude  will  be  5  deg.  lefs  than  that  oi 
the  fun,  and  therefore  only  10  deg. :  there  will 
therefore  be  57.  deg.  difference  in  the  meridian 
altitude  of  the  moon;  whereas  that  of  the  fun  is 
but  47  deg+ 

N.  B.  When  the  fame  afoending  node  is  in 
the  autumnal  equinox,  then  will  her  meridian 
altitude  differ  by  only  37  deg. ;  but  this  phe¬ 
nomenon  can  l'eparately  happen  but  once  in  the 
revolution  of  a  node,  or  once  in  the  fpace  of 
nineteen  years  :  and  it  will  be  a  pleafant  enter¬ 
tainment  to  place  the  lilkcn  line  to  crofs  the 
ecliptic  in  the  equinotfial  points  alternately; 
for  then  the  rcafon  will  more  evidently  ap¬ 
pear,  why  you  obferve  the  moon  {bmetimes 
within  23  deg.  of  our  zenith,  and  at  other  times 
not  more  than  10  deg.  above  the  horizon,  when 
ihe  is  full  fouth. 

problem  lxxiii. 

To  illuftrate,  by  the  globe,  the  phenomenon  of 
the  harveff  moon. 

About  the  time  of  the  autumnal  equinox, 
when  the  moon  is  at  or  near  the  full,  Ihe  is  bb- 
fcrved  to  rife  almoft  at  the  fame  time  for  feveral 

nights 
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nights  together ;  and  this  phenomenon  is  called 

the  HARVEST  MOON. 

This  circumftance,  with  which  farmers  were 
better  acquainted  than  aftronomers,  till  within 
thefe  few  years,  they  gratefully  aferibed  to  the 
goodnefs  of  God,  not  doubting  that  he  had 
ordered  it  on  purpofe  to  give  them  ah  immediate 
fupply  of  moon-light  after  fun-fet,  for  their 
greater  convenience  in  reaping  the  fruits  of  the 
earth.  „ 

In  this  inflance  of  the  harveft  moon,  as  in 
many  others  difcoverable  by  aftxonomy,  the 
wifdom  and  beneficence  of  the  Deity  is  confpi- 
cuous,  who  really  fo  ordered  the  courfe  of  the 
moon,  as  to  beftow  more  or  lefs  light  on  all  parts 
of  the  earth,  as  their  feveral  circumftances  and 
feafons  render  it  more  or  lefs  ferviceable.* 

About  the  equator,  where  there  is  no  variety  of 
feafons,  moon-light  is  not  neceflary  for  gathering 
in  the  produce  of  the  ground ;  and  there  the 
moon  rifes  about  50  minutes  later  every  day  or 
night  than  on  the  former.  At  confidcrable 
diftances  from  the  equator,  where  the  weather 
and  feafons  are  more  uncertain,  the  autum- 
n*l  full  moons  rife  at  fun-fet  from  the  firft  to  the 
fbird  quarter.  At  the  poles,  where  the  fun  is  for 
half  a  year  abfent,  the  winter  full  moons  flnnc 

con. 


*  Fergufem’s  Aftronomy. 
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conftantly  without  fetting,  from  the  firff  to  the 
third  quarter. 

But  this  observation  is  .ft  HI  further  confirmed, 
when  we  conlider  that  this  appearance  is  only 
peculiar  with  refpeeft  to  the  full  moon,  from  which 
only  the  farmer  can  derive  any  advantage;  for  in 
every  other  month,  as  well  as  the  three  autumnal 
ones,  the  moon,  for  feveral  days  together,  will 
vary  the  time  of  it’s  riling  very  little ;  but  then 
‘m  the  autumnal  months  this  happens  about  the 
time  w  hen  the  moon  is  at  the  full ;  in  the  vernal 
months,  about  the  time  of  new  moon  ;  in  the 
winter  months,  about  the  time  of  the  ftrft  quar¬ 
ter;  and  in  the  fummer  months,  about  the  time 
of  the  laft  quarter. 

Thefe  phsenomena  depend  upon  the  different 
angles  made  by  the  horizon,  and  different  parts 
of  the  moon’s  orbit,  and  that  the  moon  can  be 
full  but  once  or  twice  in  a  year,  in  thofe  parts  of 
her  orbit  which  rife  w  ith  the  leaf!:  angles. 

The  moon’s  motion  is  fo  nearly  in  the  eclip¬ 
tic,  that  we  may  confider  her  at  prefent  as  mo¬ 
ving  in  it. 

The  different  parts  of  the  ecliptic,  on  ac¬ 
count  of  it’s  obliquity  to  the  earth’s  axis,  make 
very  different  angles  with  the  horizon  as  they 
rife  or  fet.  Thofe  parts,  or  figns,  which  rife 
with  the  final  left  angles,  fet  with  the  greateft, 
and  vice  verfa.  In  equal  times,  whenever  this 
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angle  is  lead,  a  greater  portion  of  the  ecliptic 
rifes,  than  when  the  angle  is  larger. 

This  may  be  feen,  by  elevating  the  globe  to 
any  confiderable  latitude,  and  then  turning  it 
round  it’s  axis  in  the  horizon. 

When  the  moon,  therefore,  is  in  thofe  figns 
which  rife  or  fet  with  the  fmalleft  angles,  fhe 
w  ill  rife  or  fet  w  ith  the  leaft  difference  of  time, 
and  with  the  greateft  difference  in  thofe  figns 
w  hich  rife  or  fet  w  ith  the  greateft  angles. 

Thus  in  the  latitude  of  London,  at  the  time 
of  the  vernal  equinox,  w  hen  the  fun  is  fetting 
in  the  weftern  part  of  the  horizon,  the  ecliptic 
then  makes  an  angle  of  62  deg.  with  the  horizon; 
but  when  the  fun  is  in  the  autumnal  equinox, 
and  fetting  in  the  fame  weftern  part  of  the  hori¬ 
zon,  the  ecliptic  makes  an  angle  but  of  15  deg. 
w  ith  the  horizon  ;  all  w  hich  is-  evident  by  a 
bare  infpc&ion  of  the  globe  only. 

Again,  according  to  the  greater  or  lefs  in¬ 
clination  of  the  ecliptic  to  the  horizon,  fo  a 
greater  or  lefs  degree  of  motion  of  the  globe 
about  it’s  axis  will  be  necelfary  to  caufe  the  fame 
arch  of  the  ecliptic  to  pafs  through  the  ho¬ 
rizon  ;  and  confequently  the  time  of  it’s  paf- 
fage  will  be  greater  or  lefs,  in  the  fame 
proportion;  but  this  will  be  beft  illuftrated 
by  an  example. 

Therefore,  fuppofe  the  fun  in  the  vernal  equi¬ 
nox, 
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nox,  rectify  the  globe  for  the  latitude  of  London, 
and  place  of  the  fun  ;  then  bring  the  vernal 
equinox,  or  fun’s  place,  to  the  weftern  edge  of 
the  horizon,  and  the  hour  index  will  point  pre- 
cifely  to  VI ;  at  which  time,  we  will  alfo  fup- 
pofe  the  moon  to  be  in  the  autumnal  equinox, 
and  confequently  at  full,  and  rifing  exadfy  at 
the  time  of  fun-fet. 

But  on  the  following  day,  the  fun,  being  ad¬ 
vanced  fcarcely  one  degree  in  the  ecliptic,  will 
fet  again  very  nearly  at  the  fame  time  as  before: 
but  the  moon  will,  at  a  mean  rate,  in  the  fpace 
of  one  day,  pafs  over  1 3  deg.  in  her  orbit ;  and 
therefore,  when  the  fun  fets  in  the  evening  after 
the  equinox,  the  moon  will  be  below  the  hori¬ 
zon,  and  the  globe  mull  be  turned  about  till 
13  deg.  of  Libra  come  up  to  the  edge  of  the 
horizon,  and  then  the  index  will  point  to 
7  h.  16  min.  the  time  of  the  moon’s  rifing, 
which  is  an  hour  and  x  after  fun-fet  for  dark 
night.  The  next  day  following,  there  will 
be  2  {  hours,  and  fo  on  fucccflively,  with  an  in- 
creafe  of  1 1  h.  dark  night  each  evening  ref- 
pecftively,  at  this  feafon  of  the  year;  all 
owing  to  the  very  great  angle  which  the  eclip¬ 
tic  makes  with  the  horizon  at  the  time  of  the 
moon’s  rifing. 

On  the  other  hand,  fuppofe  the  fun  in  the 
autumnal  equinox,  or  beginning  of  Libra,  and 
the  moon  oppofitc  to  it  in  the  vernal  equinox, 

then 
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then  the  globe  (rectified  as  before)  being  turned 
about  till  the  fun’s  place  comes  to  the  weftem 
edge  of  the  horizon,  the  index  will  point  to  VI, 
for  the  time  of  his  fetting,  and  the  riling  of  the 
full  moon  on  that  equinoctial  day.  On  the 
following  day,  the  fun  will  fet  nearly  at  the 
fame  time ;  but  the  moon  being  advanced  ( in 
the  24  hours)  13  deg.  in  the  ecliptic,  the  globe 
muft  be  turned  about  till  that  arch  of  the  eclip¬ 
tic  fhall  afcend  the  horizon,  which  motion  of 
the  globe  will  be  very  little,  as  the  ecliptic  now 
makes  fo  fmall  an  angle  with  the  horizon,  as 
is  evident  by  the  index,  which  now  points  to 
VI  h.  1 7  deg.  for  the  time  of  the  moon’s  rififtg 
on  the  fecond  day,  which  is  about  |  of  an  hour 
after  fun-fet.  The  third  day,  the  moon  will 
rife  within  f  an  hour  ;  on  the  forth,  within  a  of 
an  hour,  and  fo  on ;  fo  that  it  will  be  near  a 
week  before  the  nights  will  be  an  hour  with¬ 
out  illumination  j  and  in  greater  latitudes,  this 
difference  will  be  ftill  greater,  as  you  willcafily 
find  by  varying  the  cafe,  in  the  practice  of  this 
celebrated  problem,  on  the  globe. 

This  phenomenon  varies  in  different  years"; 
lta  moon’s  orbit  being  inclined  to  the  ecliptic 
ahout  5  degrees,  and  the  line  of  the  nodes  con¬ 
tinually  moving  retrograde,  the  inclination  of 
tar  orbit  to  the  equator  w  ill  be  greater  at  fome 
tatfons  than  it  is  at  others,  which  prevents 
tar  hafiening  to  the  northward,  or  defend¬ 
ing 
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ing  fouthward,  in  each  revolution,  with  an 
equal  pace. 

Of  the  Tides. 

A  tide  is  that  motion  of  the  water  in  the  fea 
and  rivers,  by  which  they  are  found  regularly  to 
rife  and  fall. 

The  general  caufe  of  the  tides  was  dilcovered 
by  Sir  Ifaac  Newton,  and  are  deduced  from  the 
following  confiderations. 

We  find,  by  conftant  experience,  that  all 
bodies  fall  down  to  the  earth’s  furface  in  per¬ 
pendicular  lines;  and  as  lines  perpendicular  to 
the  furface  of  a  fphere,  tend  towards  the  center, 
therefore  the  lines,  along  which  all  heavy  bodies 
fall,  are  directed  towards  the  earth’s  center. 

As  thefe  bodies  apparently  fall  by  their  weight 
or  gravity,  the  law  by  which  they  fall  is  called 
the  law  of  gravitation. 

Now  as  bodies,  by  their  gravity,  fall  towards 
the  earth,  it  has  not  been  deemed  improper  to 
fay,  that  the  earth  attracts  thofe  bodies,  and 
therefore,  in  refpedt  to  the  earth,  the  word  gra¬ 
vitation  and  attraction  may  be  ufed  one 
for  the  other, as  by  them  is  meant  no  more  than 
the  power,  or  law,  by  which  bodies  tend  towards 
it’s  center. 

Sir  Ifaac  Newton,  by  a  fagacity  peculiar  to 
himfelf,  difeovered  from  many  obfervations, 
that  this  law  of  gravitation  or  attraction  was 
c  uni- 


OF  THE  GLOBES.  4T? 

imiverfally  diffufed  throughout  the  folar  fyftem, 
and  that  the  regular  motions  obferved  among 
the  heavenly  bodies,  were  governed  by  the  fame- 
principle  ;  fo  that  the  earth  and  moon  attracted 
each  other,  and  w  ere  both  of  them  attracted  by 
the  fun.  Alfo,  that  the  force  of  attraction,  ex- 
erted  by  thefe  bodies  one  on  the  other,  was  lefs. 
as  the  diftance  increafed,  in  proportion  to  the 
Squares  of  thofe  diftances. 

It  is  not  in  the  motion  of  the  celeftial  bodies 
only,  that  the  effeCts  of  this  mutual  gravitation 
are  vifible  ;  we  are  now  to  explain,  by  the  fame 
principle,  a  phenomenon  which  pafles  upon 
the  earth,  the  ebbing  and  flow  ing  of  the  fea. 

As  the  earth  is  attracted  by  the  fun  and  moon, 
the  parts  of  the  earth  will  not  gravitate  towards 
it’s  center  in  the  fame  manner  as  if  thofe  parts 
^'ere  not  aflfeCted  by  fuch  attractions. 

It  is  alfo  very  evident,  that  if  the  earth  was 
entirely  free  from  thefe  aCtions  of  the  fun  and 
moon,  the  oceans  w  ould  then  be  equally  attrac¬ 
ted  tow  ards  it’s  center j  on  all  fides,  by  the  force 
gravity,  and  would  continue  in  perfeCt  flag- 
nation,  w  ithout  ever  ebbing  or  flowing. 

But  as  the  ocean  is  not  free  from  thefe 
aftions,  it  muft  needs  rife  higher  in  thofe 
Places  where  the  fun  and  moon  diminilh  it’s 
gravity,  or  where  the  fun  and  moon  have  the 
£rcateft  attraction. 
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As  the  force  of  gravity  will  be  moll  dimini  Ihed 
in  thofe  parts  of  the  earth  where  her  attraction 
is  molt  powerful,  (which  mull  be  when  Ihe  is 
neareft  to,  or  in  the  zenith  of  thofe  places,)  the 
waters  in  thofe  parts  will  rife  highelt,  and  it 
will  be  full  sea,  or  flood,  in  fuch  places. 

The  parts  of  the  earth  dire&ly  under  the  moon, 
and  thofe  alfo  in  their  nadir,  or  fuch  places 
as  are  diametrically  oppolite  to  thofe  where 
the  moon  is  in  the  zenith,  will  have  the  flood, 
or  high  water,  at  the  fame  time. 

For  either  hemifphexe  ol  the  earth  would  gra¬ 
vitate  equally  towards  the  other  half,  were  they 
free  from  all  externaL  attraction. 

But  by  the  aCtion  of  the  moon,  the  gravi¬ 
tation  of  one  hemifphere  towards  the  center 
is  diminifhed,  and  that  of  the  other  is  in- 
crcafed. 

Now  in  the  hemifphere  next  the  moon,  the 
parts  in  the  zenith  being  molt  attracted,  and 
thereby  their  gravitation  towards  the  earth’s 
center  diminilhed  ;  confequently,  the  waters  in 
thofe  parts  mult  be  higher  than  in  any  other 
of  this  hemifphere. 

.  But  in  the  hemifphere  which  is  molt  remote 
from  the  moon,  the  nadir,  or  molt  dillant  point, 
being  lefs  attracted  by  the  moon  than  thofe 
parts  that  are  nearer,  is  left  as  it  were  behind, 
wWe  all  the  other  parts,  and  even  the  center 
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itfelf,  is  more  attracted  towards  her,  and  confe- 
quently  the  water  will  be  higher  in  that  point 
than  at  any  other  part  of  this  hemifphere. 

The  two  middle  points  will  therefore  be 
higheft  in  their  refpedtive  hemifphercs  ;  the  one 
being  rally  more  elevated,  the  other  lefs 
depressed  by  the  moon’s  attraction,  than  the 
adjacent  parts. 

Thofe  parts  of  the  earth  where  the  moon  ap¬ 
pears  in  the  horizon,  or  is  90  degrees  dis¬ 
tant  from  the  zenith  and  nadir,  will  have  the 
ebbs  or  loweft  waters. 

For  as  the  waters  in  the  zenith  and  nadir  rife 
at  the  fame  time,  the  waters  in  their  neighbour¬ 
hood  will  prefs  towards  thofe  places,  to  main¬ 
tain  the  equilibrium  j  and  to  fupply  the  place 
of  thefe,  others  will  move  the  fame  way,  and  fo 
on  to  places  at  90  degrees  diftant  from  the 
Zenith  and  nadir;  confequently,  in  thofe  places 
vvhere  the  moon  appears  in  the  horizon,  the 
Waters  will  have  more  liberty  to  defcend  to- 
Vvards  the  center,  and  therefore  in  thofe  places 
they  will  be  the  loweft. 

Hence  it  plainly  follows,  that  if  the  furface 
°f  the  earth  was  covered  with  water,  it  would 
Put  on  a  fpheroidal,  or  egg-like  figure,  whofe 
longeft  diameter  would  pafs  through  the  place 
^here  the  moon  is  vertical,  and  the  fhorteft 
diameter  will  be  where  fhe  is  in  the  horizon  * 
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and  as  the  moon  apparently  fhifted  her  polition 
from  eaft  to  weft,  in  going  round  the  earth  every 
day,  the  longer  diameter  of  the  fpheroid  would 
follow  her  motion,  and  thus  occafion  the  two 
floods  and  ebbs  obfervable  in  about  every  25 
hours,  which  is  about  the  length  of  a  lunar 
day. 

Hence  in  any  place,  the  greater  the  moon’s 
mid-day  altitude,  the  greater  the  evening  tides 
will  be ;  and  the  greater  the  midnight  depreflion, 
the  greater  the  tides  will  be. 

The  fummer  evening  and  the  winter  morning 
tides  are  higheft,  becaufe  the  moon’s  fummer 
altitude,  and  winter  depreflion,  are  greateft, 
efpecially  w  hen  her  declination  is  north  in  fum¬ 
mer,  and  fouth  in  winter. 

The  time  of  high  water  is  not  precifely  at  the 
time  of  the  moon’s  coming  to  the  meridian, 
but  about  an  hour  or  two  after. 

For  the  moon  ads  with  fome  force  after  {he 
has  part  the  meridian,  and  thereby  adds  to  the 
libration,  or  waving  motion,  which  fhe  has  put 
the  water  into,  whilft  ihe  was  in  the  meridian, 
in-the  fame  manner  as  a  fmall  force  applied  up¬ 
wards  to  a  ball  already  raifed  to  fome  height, 
will  raife  it  ftill  higher. 
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The  tides  are  greater  than  ordinary  twice  every 
month,  that  is,  about  the  times  of  new  and 
full  moon;  they  are  called  spring  tides. 

For  at  thefe  times  the  a<5tions  of  both  fun 
and  moon  concur  to  draw  in  the  fame  right 
line ;  and  therefore  the  fea  mull  be  moll  eleva¬ 
ted.  In  conjunction,  or  when  the  fun  and 
ttioon  are  on  the  fame  fide  of  the  earth,  they 
both  confpire  to  raife  the  water  in  the  zenith, 
and  confequently  in  the  nadir.  And  when 
the  fun  and  moon  are  In  oppofition,  that  is, 
when  the  earth  is  between  them,  whilll  one 
makes  high  water  in  the  zenith  and  nadir, 
the  other  does  the  fame  in  the  nadir  and 
Zenith. 

The  tides  are  lefs  than  ordinary  twice  every 
month,  that  is,  about  the  times  of  the  firft 
and  lall  quarters  of  the  moon  ;  and  thefe  are 
called  neap  tides. 

Becaufe  in  thefe  quarters  of  the  moon,  the  fun 
raifes  the  waters  where  the  moon  deprelles  it ; 
and  deprelles  where  the  moon  raifes ;  fo  that 
tides  are  made  only  by  the  difference  of 
their  a&ions. 

B  is  to  be  obferved,  that  the  fpring  tides  do 
n°t  happen  diretflly  on  the  new  and  full  moons, 
hut  rather  a  day  or  two  after,  when  the  action  of 
the  fun  and  moon  have  confpired  together  for  a 
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confiderable  time.  In  like  manner,  the  neap 
tides  happen  a  day  or  two  after  the  quarters. 

When  the  moon  is  in  her  perigaeum,  or  neared 
approach  to  the  earth,  the  tides  increafe  more  in 
the  fame  circumftances  than  at  other  times. 

The  fpring  tides  are  greateft  about  the  times  of 
the  equinoxes,  that  is,  about  the  latter  end  of 
March  and  September,  than  at  any  other 
times  of  the  year,  and  the  neap  tides  are  the 
lefs. 

Becaufe  the  longer  diameter  of  the  fpheroid 
will  at  that  time  be  in  the  earth’s  equator,  and 
confequently  deferibe  a  great  circle  of  the  earth, 
by  whofe  diurnal  rotation  the  floods  will  move 
fwifter,  as  deferibing  a  great  circle  in  the  fame 
time  they  ufed  to  deferibe  a  lefler  circle,  by 
which  means  the  waters  will  be  thrown 
more  forcibly  againft  the  fhores,  and  muft 
rife  higher. 

The  circumftances  hitherto  explained,  would 
always  take  place,  if  the  whole  furface  of  the 
earth  was  covered  with  fea ;  but  fince  it  is  not  fo, 
there  arife  a  great  many  different  appearances, 
which  require  particular  fohitions,  in  which  the 
fttuation  of  the  fhores,  &c.  muft  be  confidered; 
for  thefe,  we  muft  refer  the  reader  to  larger 
works  on  aftronomy. 

Small  inland  feas,  fuch  as  the  Mediterranean 
and  the  Baltic,  are  but  little fubjed  to  tides;  be¬ 
caufe 


OF  THE  GLOBES.  423 

caufe  the  action  of  the  fun  and  moon  is  nearly 
equal  at  both  extremities.  In  very  high  lati¬ 
tudes  the  tides  are  alfo  very  inconfiderable ;  for 
the  fun  and  moon  always  acting  near  the  equa¬ 
tor,  and  railing  the  water  towards  the  torrid 
zone,  the  neighbourhood  of  the  poles  mull  be 
confequently  deprived  of  thofe  waters,  and  the 
fea  muft  be  low,  relative  to  other  parts. 

problem  lxxiv. 

To  find  what  azimuth  the  moon  is  upon  at  any 
place  when  it  is  flood,  or  high  water ;  and 
thence  the  high  tide  for  any  day  of  the  moon’s 
age  at  the  fame  place* 

Having  obferved  the  hour  and  minute  of  high 
water,  about  the  time  of  new  or  full  moon, 
rectify  the  globe  to  the  latitude  and  fun’s  place; 
find  the  moon’s  place  and  latitude  in  an  ephe- 
meris,  to  which  fet  the  artificial  moon,*  and 
fcrew  the  quadrant  of  altitude  in  the  zenith  ; 
turn  the  globe  till  the  horary  index  points  to 
the  time  of  flood,  and  lay  the  quadrant  over 
the  center  of  the  artificial  moon,  and  it  will 
cut  the  horizon  in  the  point  of  the  compafs 
upon  which  the  moon  was,  and  the  degrees  on 
the  horizon  contained  between  the  ftrong  brafs 
Meridian  and  the  quadrant,  will  be  the  moon’s 
Azimuth  from  the  fouth. 

D  d  4  To 
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To  find  the  time  of  high  water  at  the  fame 
place. 

Rectify  the  globe  to  the  latitude  and  zenith, 
find  the  moon’s  place  by  an  ephemeris  for  the 
given  day  of  her  age,  or  day  of  the  month,  and 
fet  the  artificial  moon  to  that  place  in  the  zodiac  $ 
put  the  quadrant  of  altitude  to  the  azimuth  be¬ 
fore  found,  and  turn  the  globe  till  the  artificial 
moon  is  under  it’s  graduated  edge,  and  the 
horary  index  will  point  to  the  time  of  the  day 
on  which  it  w  ill  be  high  water. 

The  Use  of  the  Celestial  Globe  in  the 
Solution  of  Problems  ascertaining  tiie 
Places  and  visible  Motions  or  Orbits 
of  Comets.* 

There  is  another  clafs,  or  fpecies  of  planets,  • 
which  are  called  comets.  Thefe  move  round 
the  fun  in  regular  and  Rated  periods  of  times, 
in  the  fame  manner,  and  from  the  fame  caufe^ 
as  the  reft  of  the  planets  do  ;  that  is,  by  a  cen¬ 
tripetal  force,  every  where  decreafing  as  the 
fquares  of  the  diftances  increafe,  w  hich  is  the 
general  law  of  the  whole  planetary  fyftem, 
But  this  centripetal  force  in  the  comets  being 
compounded  with  the  projeftile  force,  in  a  very 
different  ratio  from  that  which  is  found  in  the 
planets,  caufes  their  orbits  to  be  much  more 

cllip- 
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elliptical  than  thofe  of  the  planets,  which  are 
.almoft  circular. 

But  whatever  may  be  the  form  of  a  comet’s 
Prbit  in  reality,  their  geocentric  motions,  or  the 
apparent  paths  which  they  deferibe  in  the  hea¬ 
vens  among  the  fixed  Bars,  w  ill  alw  ays  be  cir¬ 
cular,  and  therefore  may  be  Ihewm  upon  the 
furface  of  a  celeftial  globe,  as  well  as  the 
motions  and  places  of  any  of  the  reft  of  the 
planets. 

To  give  an  inftance  of  the  cometary  praxis  on 
the  globe,  we  {hall  chufe  that  comet,  for  the 
fubjedt  of  thefe  problems,  which  made  it’s  ap¬ 
pearance  at  Bofton,  in  New  England,  in  the 
months  of  Ocftober  and  November,  175#,  in  it*s 
return  to  the  fun;  after  which,  it  approached  fo 
near  the  fun,  as  to  let  hjsliacally,  or  to  be 
^oft  in  it’s  beams  for  fome  time,  fpent  in  palling 
the  perihelion.  Then  afterwards  emerging 
from  the  folar  rays,  it  appeared  retrograde  in 
It’s  courfe  from  the  fun  towards  the  latter  end 
of  March,  and  fo  continued  the  whole  month  of 
April,  and  part  of  May,  in  the  Weft  Indies, 
particularly  in  Jamaica,  w  hofe  latitude  rendered 
it  vifible  in  thofe  parts,  w  hen  it  was,  for  the 
greateft  part  of  tfte  time,  invifible  to  us,  by 
reafon  of  it’s  fouthern  courfe  through  the 
heavens. 

•  When  two  obfervations  can  be  made  of  a 
Comet,  it  will  be  very  eafy  to  alfign  it’s  courfe, 

or 
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or  mark  it  out  upon  the  furface  of  the  celeftial 
globe.  Thefe,  with  regard  to  the  above-men¬ 
tioned  comet,  we  have,  and  they  arefufficient  for 
our  purpofe  in  regard  to  the  foiution  of  cometary 
problems. 

By  an  obfervation  made  at  Jamaica  on  the 
31ft  of  March,  1759,  at  V  o’clock  in  the  morn¬ 
ing,  the  comet’s  altitude  was  found  to  be  22 
deg.  50  min.  and  it’s  azimuth  71  deg.  fouth- 
eaft.  From  hence  we  fhall  find  it’s  place  on 
the  furface  of  the  globe,  by  the  following  pro¬ 
blem. 


PROBLEM  LXXV. 

To  rectify  the  globe  for  the  latitude  of  the  place 
of  obfervation  in  Jamaica,  latitude  1 7  deg. 
30  min.  and  given  day  of  the  month,  viz. 
March  3 1  ft. 

Elevate  the  north  pole  to  17  deg.  30  min. 
above  the  horizon,  then  fix  the  quadrant  of  alti¬ 
tude  to  the  fame  degree  in  the  meridian,  or 
zenith-point.  Again,  the  fun’s  place  for  the 
31ft  of  March  is  in  10  deg.  34  min.  -p,  which 
bring  to  the  meridian,  andfet  the  hour  index  at 
XII,  and  the  globe  is  then  rectified  for  the 
place  and  time  of  obfervation. 

P  R  O  B  L  E  M  LXXVI. 

To  determine  the  place  of  a  comet  on  the  fur" 
face  of  the  celeftial  globe  from  it’s  given  alti* 

tude. 
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tude,  azimuth,  hour  of  the  day,  and  latitude 
of  the  place. 

The  globe  being  re&ified  to  the  given  latitude, 
and  day  of  the  month,  turn  it  about  towards 
the  caft,  till  the  hour  index  points  to  the  given 
time,  viz.  V  o’clock  in  the  morning;  then  bring 
the  quadrant  of  altitude  to  interfed:  the  horizon 
in  71  deg.  the  given  azimuth  in  the  fouth-eaft 
quarter;  then,  under  22  deg.  50  min.  the  given 
altitude,  you  will  find  the  comet’s  place,  where 
you  may  put  a  fmall  patch  to  reprefent  it. 

PROBLEM  LXXVII. 

To  find  the  latitude,  longitude,  declination,  and 
right  afeenfion  of  the  comets. 

In  the  circles  of  latitude  contained,  in  the 
zodiac,  you  will  find  the  latitude  of  the  comet 
to  be  about  30  deg.  30  min.  from  the  ecliptic; 
the  fame  circle  of  latitude  reduces  it’s  place  to 
the  ecliptic  in  26  deg.  30  min.  of  which  i 
it’s  longitude  fought.  Then  bring  the  Cometary 
patch  to  the  brazen  meridian,  and  it’s  declina¬ 
tion  will  be  fhewn  to  be  9  deg.  15  min.  fouth. 
At  the  fame  time,  it’s  right  afeenfion  will-  be 
227  deg.  30  min. 

P  R  O  B  E  L  M  LXXVIII. 

To  fhew  the  time  of  the  comet’s  rifing,  fouthing, 
fetting,  and  amplitude,  for  the  day  of  the  ob- 
fervation  at  Jamaica. 
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Bring  the  place  of  the  comet  into  the  eaftern 
femi-circle  of  the  horizon,  (the  globe  being 
xedified  as  directed )  the  index  will  point  to  III 
hours  15  min.  which  is  the  time  of  it’s  rifmg  in 
the  morning  at  Jamaica,  the  amplitude  10  deg. 
very  nearly  to  the  fouth.  The  patch  being 
broght  to  the  meridian,  the  index  points  to  IX 
o  clock  10  min.  for  the  time  of  culminating,  or 
being  fouth  to  them.  Laftly,  bring  the  patch  to 
touch  the  weftern  meridian,  and  the  index  will 
point  to  III  in  the  afternoon,  for  the  time  of  the 
comet’s  fetting,  with  10  deg.  of  fouthern  am- 
pjitude,  of  courfe. 

PROBLEM  LXXIX. 

From  the  comet’s  place  being  given  to  find  the 
time  of  it’s  rifing  in  the  horizon  of  London, 
on  the  31ft  day  of  March,  1759. 

For  this  purpofe,  you  need  only  rectify  the 
globe  for  the  given  latitude  of  London,  and 
bring  the  cometary  patch  to  the  eaftern  horizon, 
and  the  index  points  to  III  hours,  45  min.  for 
the  time  of  it’s  rifing  at  London,  with  about  14 
deg.  of  fouth  amplitude;  then  turn  the  patch  to 
the  weftern  horizon,  and  the  index  points  to 
II  h.  25  min.  the  time  of  it’s  fetting. 

N.  B.  From  hence  it  appears,  the  comet  rofe 
foon  enough  that  morning  to  have  been  obferved 
at  London,  had  the  heavens  been  clear,  and  the 

aftrono- 
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aftronomers  been  before-hand  apprized  of  fuch 
a  phenomenon, 

PROBLEM  LXXX. 

To  determine  another  place  of  the  fame  comet, 
from  an  obfervation  made  at  London  on  the 
6th  day  of  May,  at  X  in  the  evening. 

On  the  6th  day  of  May,  1759,  at  ^  at  n^lC* 
the  place  of  the  comet  was  obferved,  and  it’s 
diftance  meafured  with  a  micrometer,  from  two 
fixed  ftars  marked  p  and  v  in  the  constellation 
called  hydra,  and  it’s  altitude  was  found  to  be 
1 6  deg.  and  it’s  azimuth  37  deg.  South- weft, 
from  whence  it’s  place  on  the  furface  of  the 
globe  is  exactly  determined,  as  in  prob.  lxxvi. 
and  having  Stuck  a  patch  thereon,  you  will  have 
the  two  places  of  the  comet  on  the  furface  of 
the  globe,  for  the  two  diftant  days  and  places  of 
obfervation*  as  required. 

PROB  LEM  LXXXI. 

From  two  given  places  of  a  comet,  to  aflign  it’s 
apparent  path  among  the  fixed  ftars  in  the 
heavens. 

The  two  places  of  the  comet  being  deter¬ 
mined  by  the  obfervations  on  the  3 1  ft  of  March, 
*758,  and  the  6th  of  May  following,  and  de¬ 
moted  by  two  patches  refpedtiveiy,  you  muft 
move  the  globe  up  and  down,  in  the  notches  of. 
lfie  horizon,  till  fuch  time  you  bring  both  the. 

patches 
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patches  to  coincide  with  the  horizon;  then  will 
the  arch  of  the  horizon  between  the  two  patches 
{hew,  upon  the  celeftial  globe,  the  apparent 
place  of  the  comet  in  the  interval  between  the 
two  obfervations,  and  by  drawing  a  line  with  a 
black  lead  pencil  along  by  the  frame  of  the  ho¬ 
rizon,  it's  path  on  the  furface  of  the  globe  will 
be  delineated,  as  required.  And  here  it  may  be 
obferved,  that  it’s  apparent  path  lay  through  the 
following  fouthern  conftellations,  viz.  the  tail 
of  Capricorn,  the  tail  of  Pifces  Auflralis,  by  the 
head  of  Indus,  the  neck  and  body  ofPavo, 
through  the  neck  of  Apus,  below  Triangulum 
Auftrale,  above  Mufca,  by  the  lowermoft  of  the 
Crofiers,  acrofs  the  hind  legs  and  through  the 
tail  of  Centaurus,  from  thence  between  the  two 
liars  in  the  back  of  the  Hydra  before-mentioned ; 
after  this,  it  palled  on  to  Sextans  Uraniae,  and 
then  to  the  ecliptic  near  Cor  Leonis ;  foon  after 
which,  it  totally  difappeared. 

PROBLEM  LXXXI  I. 

To  eftimate  the  apparent  velocity  of  a  comet, 
two  places  thereof  being  given  byobfervation. 
Let  one  place  be  afeertained  near  the  begin¬ 
ning  of  it’s  appearance,  and  the  other  towards 
the  end  thereof ;  then  bring  thefe  two  places  to 
the  horizon,  and  count  the  number  of  degrees 
interfered  between  them,  which  being  the  fpace 
apparently  deferibed  in  a  given  time,  will  be  the 
6  velocity 
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velocity  required.  Thus,  in  the  cafe  of  the 
above-mentioned  comet,  you  will  find,  that  it 
defcribed  more  than  150  deg.  in  the  fpace  of  36 
days,  which  is  more  than  4  deg.  per  day. 

PROBLEM  LXXXIII. 

To  reprefent  the  general  phenomena  of  the 
comet,  for  any  given  latitude. 

Bring  the  vifible  path  of  the  comet  to  coin¬ 
cide  with  the  horizon,  by  which  it  was  drawn, 
and  then  obferve  what  degree  of  the  meridian  is 
in  the  north  point  of  the  horizon,  which,  in  the 
cafe  of  the  foregoing  comet,  will  be  the  23  deg. 
This  will  fhew  the  greateft  latitude  in  which  the 
whole  path  can  be  vilible  in  any  latitude  lefs 
than  this,  as  that  of  Jamaica ;  where,  for  inflance, 
the  moft  fouthern  part  of  the  path  will  be  ele¬ 
vated  more  than  5  deg.  above  the  horizon,  and 
the  comet  vifible  through  the  whole  time  of 
it’s  apparition.  But  re&ifying  the  globe  for  the 
latitude  of  London,  the  path  of  the  faid  comet 
will  be  for  the  moft  part  invifible,  or  below  the 
horizon;  and  therefore  it  could  not  have  been 
feen  in  our  latitude,  but  at  times  very  near  the 
beginning  and  end  of  it’s  appearance;  becaufe, 
by  bringing  the  comet’s  path  on  one  part  to  the 
fouth  point  of  the  horizon,  it  wall  immediately 
appear  in  what  part  the  comet  ceafes  to  be  vifi¬ 
ble;  and  then  bringing  the  other  part  of  the  path 

to 
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to  the  point,  it  will  appear  in  what  part  it  will 
again  become  vilible. 

After  this  manner  may  the  problems  relating 
to  any  other  comets  be  performed ;  and  thus  the 
paths  of  the  feveral  comets,  which  have  hitherto 
been  obferved,  may  be  feverally  delineated  on 
the  celeftial  globe,  and  their  various  phenomena 
indifferent  latitudes  be  thereby  fhewn. 

The  Use  of  the  Celestial  Globe,  in  Pro¬ 
blems  RELATIVE  TO  THE  FIXED  STARS. 

The  ufe  of  the  celeftial  globe  is  in  no  inftance 
more  confpicuous,  than  in  the  problems  con¬ 
cerning  the  fixed  ftars.  Among  many  other 
advantages,  it  will,  if  joined  with  obfervations 
on  the  ftars  themfelves,  render  the  practice  and 
theory  of  other  problems  eafy  and  clear  to  the 
pupil,  and  vaftly  facilitate  his  progrefs  in  aftro- 
nomical  knowledge. 

The  heavens  are  as  much  ftudded  over  with 
ftars  in  the  day,  as  in  the  night;  only  that  they 
are  then  rendered  invifible  to  us,  by  the  bright- 
nefs  of  the  folar  rays.  But  w  hen  this  glorious 
luminary  defeends  below  the  horizon,  they  begin 
gradually  to  appear.  When  the  fun  is  about 
12  degrees  below  the  horizon,  ftars  of  the  firft: 
magnitude  become  vilible :  when  he  is  13  de¬ 
grees,  thofe  of  the  fecond  are  feen:  when  14 
degrees,  ftars  of  the  third  magnitude  appear: 
when  1 5  degrees,  thofe  of  the  fourth  prefent 

themfelves 
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themfelves  to  view:  when  he  is  defcended  about 
1 8  degrees,  the  ftars  of  the  fifth  and  fixth  mag¬ 
nitude,  and  thofe  that  are  ftill  fmaller,  become 
confpicuous,  and  the  azure  arch  fparkles  with 
all  it’s  glory. 

PROBLEM  LXXXIV; 

find  the  right  afcenfion  and  declination  of 
any  given  fiar. 

Bring  the  given  fiar  to  the  meridian*  and  the 
degree  under  which  it  lies  is  it’s  declination ; 
and  the  point  in  which  the  meridian  interfeCts 
the  equinoctial  is  it’s  right  afcenfion.  For  in¬ 
stance,  let  ArCturus  be  the  given  fiar;  this 
brought  to  the  meridian  will  be  feen  under  the 
20  deg.  20  min.  which  is  therefore  it’s. decli¬ 
nation,  north ;  and  it’s  right  afcenfion  is,  at  the" 
fame  time,  fhewn  in  the  equinoctial  to  be  2  n 
deg.  Again,  another  infiancc  may  be  Sirius,  the 
dog-fiar,  w'hich,  brought  to  the  meridian,  will 
be  feen  under  the  16  deg.  30  min.  which  is  his 
declination,  fouth;  and  it’s  right  afcenfion  98 
20  min.  in  the  equinoctial  line. 

PROBLEM  LXXXV. 

*b°  find  the  latitude  and  longitude  of  a  given 
fiar. 

Bring  the  pole  of  the  ecliptic  to  the  meridian, 
^v°r  which  fix  the  quadrant  of  altitude,  and 
°Ming  the  globe  very  fteady,  move  the  qua- 
E  e  drant 
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drant  to  lie  over  the  given  ftar,  and  it  will  cat 
that  degree  in  the  edge,  as  will  fhew  it’s  latitude 
from  the  ecliptic,  and  in  the  ecliptic  the  qua¬ 
drant  will  cut  that  degree  which  is  catted  if* 
place  reduced  to  the  ecliptic,  or  longitude 
from  the  beginning  of  Aries.  Thus,  with  re- 
fpedt  to  Ardurus,  it’s  latitude  from  the  ecliptic 
will  be  found  30  deg.  30  min.  and  it's  longitude 
in  the  ecliptic  about  20  deg.  20  min.  of  Libra. 
This  problem  regards  either  pole,  as  the  liars 
arc  in  the  northern  or  fouthern  hemifphercss 
Fefpedively. 

PROBLEM  LXXXVr. 

The  right  afcenfion  and  declination  of  a  ftar 
being  given,  to  find  it’s  place  on  the  globe. 
Turn  the  globe  till  the  meridian  cuts  the 
eqtiinodial  in  the  degree  of  right  afcenfion. 
Thus,  for  example,  fuppofe  the  right  afcenfion 
of  Aldebaran  to  be  65  deg.  30  min.  and  it’s  de? 
clination  to  be  16  deg.  north,  then  turn  the 
globe  about  till  the  meridian  cuts  the  equrnodial 
in  65  deg.  30  min.  and  under  the  1 6  deg.  o4 
the  meridian,,  on  the  northern  part,  you  wifi 
obferve  the  ftar  Aldebaran,  or  the  bull’s  eye. 

PROBLEM  LXXXVir, 

To  find  the  time  of  the  rifing,  fouthing,  fetting* 
amplitude,  &c.  of  any  ftar,  in  a  given  latitude 
and  day  of  the  year. 

Thff 
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The  precept  is  the  fame  as  in  the  problems  for 
the  fun.  Thus,  let  it  be  required  to  know  at 
What  time  the  Pleiades  (or  feven  liars)  rife,  fet, 
&c.  in  the  latitude  of  London,  on  the  i  ith  of 
May.  The  globe  being  rectified  for  the  latitude 
°f  London,  and  the  fun’s  place  for  the  given  day, 
turn  the  globe  about  till  you  bring  the  Pleiades 
into  the  eaftern  femi-circle  of  the  horizon,  and 
the  index  will  point  to  34  deg.  45  min.  the  time 
°f  their  riling  in  the  morning.  Then  bring  the 
faid  duller  of  liars  to  the  meridian,  and  the  in¬ 
dex  will  point  to  about  £  after  XII  for  the  time 
of  their  culminating,  or  being  upon  the  meri¬ 
dian.  Laftly,  bring  them  into  the  wellern 
horizon,  and  the  index  will  point  to  VIII  40 
ttiin.  which  Ihews  the  time  of  their  fetting  in 
the  evening  of  that  day.  It  will  alfo  appear,  on 
the  circle  of  the  horizon,  that  they  rife  with 
about  40  deg.  of  amplitude  to  the  north,  and  fet 
with  the  fame  amplitude  from  the  well. 

PROBLEM  LXXXVtII. 

find  what  conllellation  any  remarkable  liar, 
feen  in  the  firmament,  belongs  to. 
firing  the  fun’s  place  in  the  ecliptic  for  that 
daX  to  the  llrong  brafs  meridian,  and  fet  the  ho- 
rary  index  to  that  XII  which  is  moll  elevated; 
lhe  celellial  globe  being  re&ified  to  the  latitude, 
tUrn  the  globe  till  it  points  tq  the  prefent  hour; 
aild  by  the  help  of  the  mariner’s  compafs,  and 
£e  2  attending 
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attending  to  the  variation,  which  at  Londdrt  is 
nearly  24  degrees  from  the  north,  weftward,  fet 
the  north  pole  of  the  globe  towards  the  morth 
pole  of  the  heavens. 

The  ftar  upon  the  globe  ( if  you  conceive  your- 
felf  in  the  center)  which  diredts  towards  that 
point  in  the  heavens,  in  which  the  ftar  you  want 
to  know  is  feen,  is  the  ftar  required. 

At  the  fame  time,  by  comparing  the  ftars  in 
the  heavens  with  thofe  upon  the  globe,  the  other 
ftars  and  their  corrftcTlations  -  may '  be  eafily 
known j  whereby  you  will  be  enabled,  aiiy  'ftar- 
light  night,  to  point  out  marry  of  thofe  ftars 
called  correfpondents  to  various  places  ori  the 
earth. 

PROBLEM  Lxxxrx. 

To  find  at  what  hour  any  known  ftar  pafles  the 
meridian  on  any  day  in  the  year. 

Redtify  the  globe  to  the  latitude,  and  fet  the 
artificial  fun  to  his  place  in  the  ecliptic;  bring 
it’s  center  under  the  ftrong  brafs  meridian,  and 
fet  the  horary  index  to  XII;  then  turn  the 
globe  till  the  ftar  comes  to*  the  meridian,  and  the 
horary  index  will  point  upon  the  equator  to  the 
hour  on  which  that  ftar  will  be  upon  the  fouth 
part  of  the  meridian. 

If  you  turn  the  globe  on  till  the  center  of  tfi^ 
artificial  fun  is  under  that  graduated  fide  of  the 
brafs  meridian,  which  is  below  the  elevated 

pole, 
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•pole,  all  thofe  ftars,  which  are  then  cut  by  that 
fide  of  the  meridian  above  the  faid  pole,  will 
pafs  the  meridian  at  midnight. 

problem  xc. 

To  find  on  what  day  of  the  year  any  liar  pafles 
the  meridian  at  any  propofed  hour  of  the  night. 

bring  the  ftar  to  the  ftrong  brafs  meridian, 
and  fet  the  horary7  index  to  the  propofed  hour; 
then  turn  the  globe  till  the  index  points  to  XII, 
and  that  degree  on  the  ecliptic,  which  is  cut  by 
the  meridian,  is  the  fun’s  place,  againft  which, 
in  the  calendar  upon  the  broad  paper  circle,  is 
the  day  of  the  month. 

problem  xci. 

To  trace  the  circles  of  the  fphere  in  the  Harry 
firmament. 

We  fhall  folve  this  problem  for  the  time  of 
the  autumnal  equinox ;  becaufe  that  interfe&ion 
of  the  equator  and  ecliptic  will  be  diredly  under 
the  depreffed  part  of  the  meridian  about  mid- 
night;  and  then  the  opposite  inuerfedion  will 
be  elevated  above  the  horizon;  andalfo  becaufe 
°Ur  firft  meridian  upon  the  terreftrial  globe 
palling  through  London,  and  the  firft  point  of 
Aries,  when  both  globes  are  rectified  to  the  la- 
tltL1de  of  London,  and  to  the  fun’s  place,  and  the 
brft  point  of  Aries  is  brought,  under  the  gradu¬ 
ated  fide  of  each  of  their  meridians,  we  fhall  have 
Ee  3  the 
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the  correfponding  face  of  the  heavens  and  the 
earth  reprefented,  as  they  are  with  refpeCt  to 
each  other  at  that  time,  and  the  principal 
circles  of  each  fphere  will  correfpond  with  each 
other. 

The  horizon  is  then  diftinguifhed,  if  we  begin 
from  the  north  and  count  weft  ward,  by  the  fol¬ 
lowing  conftcllations;  the  hounds  and  waift  of 
Bootes,  the  northern  crown,  the  head  of  Her¬ 
cules,  the  fhouldcrs  of  Serpentarius,  and  Sobi- 
efki’s  ftlield;  it  paftes  a  little  below  the  feet  of 
Antinous,  and  through  thofc  of  Capricorn, 
through  the  Sculptor’s  frame,  Eridanus,  the  ftar 
Rigell  in  Orion’s  foot,  the  head  of  Monoceros, 
the  crab,  the  head  of  the  little  lion,  and  lower 
part  of  the  great  bear. 

The  meridian  is  then  reprefcnted  by  the  equi¬ 
noctial  colure,  which  paffes  through  the  ftar 
marked  5  in  the  tail  of  the  little  bear,  under  the 
north  pole,  the  pole  ftar,  one  of  the  ftars  in  the 
back  of  Caftiopea’s  chair  marked  /3,  the  head  of 
Andromeda,  the  bright  ftar  in  the  wing  of  Pc- 
gafus  marked  y,  and  the  extremity  of  the  tail  of 
the  whale. 

That  part  of  the  equator  which  is  then  above 
the  horizon,  is  diftinguiftied  on  the  weftern  fide 
by  the  northern  part  of  Sobiefki’s  fhield,  the 
{boulder  of  Antinous,  the  head  and  veftel  of 
Aquarius,  the  belly  of  the  weftern  fifh  in  Pifces; 
it  p;  fles  through  the  head  of  the  whale,  and  a 
4  bright 
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b?ight  ftar  marked  5  in  the  corner  of  his  mouth* 
and  thence  through  the  ftar  marked  5  in  the 
belt  of  Or.ioD,  at  that  time  near  the  eaftern  fide 
of  the  horizon. 

That  half  of  the  ecliptic  which  is  then  above 
the  horizon,  if  we  begin  from  the  weftern  iide, 
prefents  to  our  view  Capricornus,  Aquarius, 
Pifccs,  Aries,  Taurus,  Gemini,  and  a  part  of  the 
conftcllation  Cancer. 

The  folftitial  colure,  from  the  weftern  fide, 
paffes  through  Cerberus,  and  the  hand  of  Her¬ 
cules,  thence  by  the  weftern  fide  ofthcconftel- 
lation  Lyra,  and  through  the  dragon’s  head  and 
body,  through  the  pole  point  under  the  polar 
ftar,  totheeaft  of  Auriga,  through  the  ftar 
marked  *i  in  the  foot  of  Caftor,  and  through  the 
hand  and  elbow  of  Orion. 

The  northern  polar  circle,  from  that  part  of 
the  meridian  under  the  elevated  pole,  advancing 
towards  the  weft,  paffes  through  the  fhoulder  of 
the  great  bear,  thence  a  little  to  the  north  of  the 
ftar  marked  «  in  the  dragon’s  tail,  the  great 
-knot  of  the  dragon,  the  middle  of  the  body  of 
Oephcus,  the  northern  part  of  Cafliopea,  and 
bafe  of  her  throne,  through  Camelopardalus, 
*nd  the  head  of  the  great  bear. 

The  tropic  of  Cancer,  from  the  weftern  edge 
°f  the  horizon,  paffes  under  the  arm  of  Hercules, 
^nder  the  vulture,  through  the  goofe  and  fox, 
^  hich  is  under  the  beak  and  wing  of  the  fwan, 
E  e  4  under 
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under  the  ftar  called  Sheat,  marked  <3  in  Pegafus, 
under  the  head  of  Andromeda,  and  through 
the  ftar  marked  <p  in  the  fifh  of  the  conftellation 
Pifces,  above  the  bright  ftar  in  the  head  of  the 
ram  marked  through  the  Pleiades,  between 
the  horns  of  the  bull,  and  through  a  group  of 
ftars  at  the  foot  ofCaftor,  thence  above  a  ftar 
marked  2,  between  Caftor  and  Pollux,  and  fo 
through  a  part  of  the  conftellation  Cancer,  where 
it  difappears  by  palling  under  the  eaftern  part 
ofjhe  horizon. 

The  tropic  of  Capricorn,  from  the  weftern 
fide  of  the  horizon,  palps  through  the.  belly,  and 
under  the  tail  of  Capricorn,  thence  under  Aqua¬ 
rius,  through  a  ftar  in  Eridanus  marked  c,  thence 
under  the  belly  of  the  whale,  through  the  bafe 
of  the  chemical  furnace,  whence  it  goes  under 
the  hare  at  the  feet  of  Orion,  being  there  dc- 
prefled  under  the  horizon. 

The  fouthern  polar  circle  is  invifible  to 
the  inhabitants  of  London,  by  being  under  our 
horizon. 

Anftic  and  antar&lc  circles,  or  circles  of  per¬ 
petual  apparition  and  occupation. 

The  largeft  parallel  of  latitude  on  the  terref- 
trial  globe,  as.  well  as  the  largeft  circle  of  decli¬ 
nation  on  the  celeftiaj,  that  appears  entire  above 
the  horizon  of  any  place  in  north  latitude,  was 
5.  called 
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called  by  the  ancients  thcardic-circje,-  pr .circle 
of  perpetual  apparition. 

Between  the  ardic  circle  ^ncj  ,the  north. pole 
ln  .^e  celeftial  fphere,  are  contained  all  thofe 
ftars  which  never  let  at  that  place,  and  feem  to 
***>  by  the  rotative  motion  of  the  earth,  to  be 
Perpetually  carried  round  above  our  horizon,  in 
circles  parallel. to  the  equator. 

The  largeft  parallel  of  latitude  on  the  terref- 
trial,  and  the  largeil  parallel  of  declination  on 
the  celeftial  globe,  which  is  entirely,  hid  below 
the  horizon  of  any  place,  was  by  the  ancients 
called  the  antardic  circle,  or  circle  of  perpetual 
pccultation. 

This  Circle  includes  all  the  liars  which  never 
rife  in  that  place  to  an  inhabitant  of  the  northern 
he  mi  fphere,  but  are  perpetually  below  the  ho^ 
rizon. 

All  ardic  circles  touch  their  horizons  in  the 
north  point,  and  all  antardic  circles  touch  their 
horizons  in  the  fouih  point;  which  point,  in  the 
terreftrial  and  celeftial  fpheres,  is  the  interfedion 
of  the  meridian  and  horizon. 

if  the  elevation  of  the  pole  be  45  degrees,  the 
n°ft  elevated  part  either  of  the  ardic  or  an- 
tardic  circle,  w  ill  be  in  the  zenjth  of  the  place. 

if  the  pole’s  elevation  belels  than  45  degrees, 

*  e  Z€nith  point  of  thofe  places  will  fail  without 
^  8  ar<aic  or  antardic  circle;  if  greater,  if  will 
H  within, 
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Therefore,  the  nearer  any  plate  is  to  the 
equator,  the  leffcr  will  it’s  ardtic  and  antarctic 
circles  be ;  and  on  the  contrary,  the  farther  any 
place  is  from  the  equator,  the  greater  they  arc. 
So  that. 

At  the  poles,  the  equator  may  be  conlidered 
as  both  an  arctic  and  antardtic  circle, becaufe  it’s 
plane  is  coincident  with  that  of  the  horizon. 

But  at  the  equator  (that  is,  in  a  right  fphere) 
there  is  neither  ardtic  nor  antarctic  circle. 

They  who  live  under  the  northern  polar  cir¬ 
cle,  have  the  tropic  of  Cancer  for  their  ardtic, 
and  -that  of  Capricorn  for  their  antardtic 
circle. 

And  they  who  live  on  either  tropic,  have  one 
of  the  polar  circles  for  their  ardtic,  and  the 
other  for  their  antardtic  circle. 

Hence,  whether  thefe  circles  fall  within  or 
without  the  tropics,  their  diftancc  from  the  ze¬ 
nith  of  any  place  is  ever  equal  to  the  difference 
between  the  pole’s  elevation,  and  that  of  the 
equator  above  the  horizon  of  that  place. 

From  what  has  been  faid,  it  is  plain  there  may 
be  as  many  ardtic  and  antarctic  circles,  as 
there  are  individual  points  upon  any  one  meri¬ 
dian,  between  the  north  and  fouth  poles  of  the 
earth. 

Many  authors  have  miftaken  thefe  mutable 
circles,  and  have  given  their  names  to  the  im¬ 
mutable  polar  circles,  which  laft  are  ardtic  am* 
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antar&ic  circles,  in  one  particular  cafe  only,  as 
has  been  fhewn. 

PROBLEM  XCII. 

To  find  the  circle,  or  parallel  of  perpetual 
apparition,  or  occultatiqn  of  a  fixed  fiar  in  a 
given  latitude. 

By  re&ifying  the  globe  to  the  latitude  of 
the  place,  and  turning  it  round^on  it’s  axis,  it 
will  be  immediately  evident,  that  the  circle  of 
perpetual  apparition  is  that  parallel  of  declina¬ 
tion  which  is  equal  to  the  complement  of  the- 
given  latitude  northward ;  and  for  the  perpe¬ 
tual  occultation,  it  is  the  fame  parallel  fouth- 
w  ard,  that  is  to  fay,  in  other  words,  all  thofe 
ftars,  whofe  declinations  exceed  the  co-latitude, 
will  always  be  vifiblc,  or  above  the  horizoo ; 
and  all  thofe  in  the  oppofite  hemifphere,  whofe 
declination  exceeds  the  co-latitude,  never  rife 
above  the  horizon. 

For  inftance;  in  the  latitude  of  London  5 1 
deg.  30  min.  whofe  co-latitude  is  38  deg.  30 
min.  gives  the  parallels  defired ;  for  all  thofe 
ftars  which  are  within  the  circle,  towards  the 
north  pole,  never  defc^nd  below  our  horizon  ; 
ar*d  all  thofe  (fars  which  are  within  the  fame 
circle,  about  the  fouth  pole,  can  never  be  feen 
m  the  latitude  of  London^  as  they  never  afeend 
above  it’s  horizon. 
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PROBLEM’  xciii. 

•«  II l  '!•>■“ Cl  «J»f. 

To  reprefent  the  face  of  the  heavens  on  the 
globe  for  a  given  hotfr  on  any  day  of  the 
year. 

Redflfy  the  g^obo  to  the  given  latitude  of 
the  place  and  day  of  the  month,  fetting  it  due 
north  and  fouth  by  the  needle;  then  turn  the 
globe  on  it’s  axis  till  the  Index  points  to  the 
given  hour  of  the  night ;  then  all  the  upper  he- 
mifphere  of  the  globe  will  reprefent  the  vilible 
face  of  the  heavens  for  that  time,  by  which  it 
will  be  eafily  feen  what  conftellations  and  ftars 
of  note  are  then  above  our  horizon,  and  what 
pofition  they  have  with  refpedt  to  the  points  of 
the  compafs.  In  this  cafe,  fuppofing  the  eye 
was  placed  in  the  center  of  the  globe,  and  holes 
were  pierced  through  the  centers  of  the  ftars 
on  it’s  furface,  the  eye  would  perceive  through 
thofe  holes  the  various  correfponding  ftars  in 
the  firmament;  and  hence  it  would  be  eafy  to 
JtnoW'  ^he  various  conftellations  at  fight,  and 
to  be  alale  to  call  all  the  ftars  by  their  names. 

The  ufe  of  this  problem  is  moftextenftve,  as 
it  acquaints  us  at  any  time  with  the  apparent 
face  or  ftate  of  the  heavens,  and  ftiews  us  "when 
the  moon/or  any  of  the  planets,  may  be  feen,  or 
fit  for  examination  by  the  telefcope.  We  can 
alfo  from  hence  learn,  when  any  of  thofe  curi¬ 
ous  and  wonderful  objedls,  called  nebulous 

STARS, 
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stars',  may  be*fe£n,  and4  which  ftrike  the  mi  mi 
of  the  obferver  with  amazement,  by  prefenting 
to  his  view  ai^.  indefinite  number  of  the  fmalleft 
.fixed  ftars  through  the  whole  field  of  view  in 
his  telefcope. 

From  hence  alfo,  thepofition  of  that  very* ex¬ 
traordinary  phderiorhenon  calied  the  galaxy,  or 
milky  Vay,  is  at'Vrty  time  known!. 

This  fihgle  problem  i  therefore,  may  be  cori- 
fidered  in  itfelf  as  fufheient  to  recommend  the 
ufeof  thd  celefiial  gloke  to  every  ftudious’ and 
rational  mind,  as  the  mod  necefiary  inftrumeik 
of  his  celeftiaf  tuition.  '  '  -  - 

n:  problem  xcly., 

The  latitude  of  the  place,  the  fun’s:pfaJe',' dnd 
the  hour  of  the  night  beihg"  given,  to  find 
the  azimuth  and  altitude  of  any  known  fixed 
fiar. 

Re^ify  the  globe  for  the  latitude  of  tl)e  place, 

•  and  the.  fun’s  place.;  jturn  the  globe  till  the  hour 
index  points  to  the  given  hour;  then  fix  the 
quadrant  of  altitude  in  the  zenith,  and  lay  it 
°ver  the  ftar,  and  it  will  fhew  the  altitude  and 
azimuth  of  it. 

It  -was  by  obferving  the  time*  of  the  rifings 
and  fettings  of:  the  fixed  frars,  far  the  times  of 
their  culminating  or  palling  the  meridian,  .that 
{  the 
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the  ancients  determined  the  hour  or  time  of 
night. 

PROBLEM  XCV. 

The  latitude  of  the  place,  the  fun’s  place,  and 
the  azimuth  of  any  known  (tar  being  given, 
to  find  the  hour  of  the  night. 

Having  re&ified  the  globe  for  the  latitude 
of  the  place  and  the  fun’s  place,  if  the  given 
ftar  be  due  north  or  fouth,  bring  it  to  the  meri¬ 
dian,  and  the  index  will  ihew  the  hour  of  the 
night. 

If  the  ftar  be  in  any  other  diredion,  fix  the 
quadrant  of  altitude  in  the  zenith,  and  fet  it  to 
the  ftar’s  azimuth  in  the  horizon ;  turn  the  globe 
about  until  the  quadrant  cuts  the  center  of  the 
ftar,  and  then  the  horary  index  will  fhew  the 
hour  of  the  night. 

But  as  it  may  poftibly  happen  that  we  may 
fee  a  ftar,  and  would  be  glad  to  know  what  ftar 
it  is,  or  whether  it  may  not  be  a  new  f\ar,  or  a 
comet;  how  that  may  be  difeovered,  will  be 
feen  under  the  following  abr 

PROBLEM  XCVI. 

The  latitude  of  the  place,  the  fun’s  place,  the 
hour  of  the  night,  and  the  altitude  and 
azimuth  of  any  ftar  being  given,  to  find  the 
ftar. 
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Rectify  the  globe  for  the  latitude  of  the  place, 
and  the  fun’s  place;  fix  the  quadrant  of  altitude 
in  the  zenith,  and  turn  the  globe  till  the  hour 
index  points  to  the  given  hour,  and  fet  the  qua¬ 
drant  of  altitude  to  the  given  azimuth ;  then  the 
liar  that  cuts  the  quadrant  in  the  given  altitude, 
will  be  the  liar  fought. 

Though  two  liars,  that  have  different  right 
afccnlions,  will  not  come  to  the  meridian  at 
the  fame  time,  yet  it  is  pofliblc  that  in  a  certain 
latitude  they  may  come  to  the  fame  vertical 
circle  at  the  fame  tim<^;  and  that  confideration 
gives  the  following 

problem  xevri. 

The  latitude  of  the  place,  the  fun’s  place,  and 
two  flars,  that  have  the  fame  azimuth,  being 
given,  to  find  the  hour  of  the  night. 

Rectify  the  globe  for  the  latitude,  the  zenith, 
and  the  fun’s  place;  then  turn  the  globe,  and 
alfo  the  quadrant  about,  till  both  the  liars  coin¬ 
cide  with  it’s  edge;  the  hour  index  will  Ihcw 
the  hour  of  the  night,  and  the  place  where  the 
quadrant  cuts  the  horizon,  will  be  the  common 
azimuth  of  both  liars. 

What  hath  been  ohferved  above,  of  two  liars 
that  have  the  fame  azimuth,  will  hold  good  like— 
wife  of  two  liars  that  have  the  fame  altitude ; 
from  whence  we  have  the  following 


problem 
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PROBLEM  xcym. 

The  latitude  of  the  place,  the  fun’s  place,  and 
two  ftars,  that  have  the  fame  altitude,  being 
given,  to  find  the  hour  of  the  night. 

Re&ify  the  globe  for  the  latitude  of  the 
place,  the  zenith,  and  the  fun’s  place  ;  turn  the 
globe,  fo  that  the  fame  degree  on  the  quadrant 
fhall  cut  both  ftars,  then  the  hour  index  will 
fliew  the  hour  of  the  night. 

In  the  former  proportions  the  latitude  of  the 
place  is  fuppofed  to  be  given,  or  known.  But 
as  it  is  frequently  neceflary  to  find  the  latitude 
of  the  place,  ^nd  efpccially  at  fea,.how  this  may 
be  found,  in  a  rude  manner  at  lcaft,  having  the 
time  given  by  a  good  clock,  or  watch,  will  be 
feen  in  the  following 

P  R  O  B  LEM  XCIX. 

The  fun’s  place,  the  hour  of  the  night,  and  two 
liars,  that  have  the  fame  azimuth,  or  al¬ 
titude,  being  given,  to  find  the  latitude  of 
the  place. 

Re&ify  the  globe  for  the  fun’s  place,  and 
turn  it,  till  the  index  points  to  the  given  hour 
of  the  night ;  keep  the  globe  from  turning,  and 
move  •  it  up  and  down  in  the  notches,  till  the 
two  given  liars  have  the  fame  azimuth,  or  al¬ 
titude;  then  the  brafs  meridian  will  lhew  the 

height 
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Height  of  the  pole,  and  confequentl/  trie  latitude 
of  the  place. 

problem  C. 

T\vo  ftars  being  given,  one  on  the  meridian* 
and  the  other  on  the  eaft  and  weft  part 
of  the  horizon,  to  find  the  latitude  of  the 
place. 

Bring  the  ftar  obferved  on  the  meridian  to 
*hc  meridian  of  the  globe ;  then  keeping  the 
globe  from  turning  round  it’s  axis,  Hide  the 
Meridian  up  or  down  in  the  notches,  till  the 
other  ftar  is  brought  to  the  eaft  or  weft  part 
of  the  horizon ;  and  that  elevation  of  the  pole 
Will  be  the  latitude  of  the  place  fought. 

OB  servation. 

From  what  hath  been  faid,  it  appears,  that 
if,  of  thefe  five  things,  i*  the  latitude  of  the 
Place ;  2.  the  fun’s  place  in  the  ecliptic  ;  3.  the 
Hour  of  the  night ;  4.  the  common  azimuth  of 
lWo  known  fixed  Bars;  5.  the  equal  altitude  of 
two  known  fixed  ftars;  any  three  of  them 
Heing  given,  the  remaining  two  will  eafily  be 

found. 

There  are  three  forts  of  rifings  and  fettings  of 
the  fixed  ftars,  taken  notice  of  by  ancient  au- 
foors,  and  commonly  called  poetical  risings 
^nd  settings,  becaufe  moftly  taken  notice  of 
hV  poets. 


Ff 
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Thefe  are  the  cosmical,  achronical,  and 

HELIACAL.* 

They  are  to  be  found  in  moll  authors  that 
treat  on  the  do&rine  of  the  fphere,  and  are  now 
chiefly  ufeful  in  comparing  and  undemanding 
paflages  in  the  ancient  writers;  fuch  arc  Hefiod, 
Virgil,  Columella,  Ovid,  Pliny,  &c.  How  they 
are  to  be  found  by  calculation,  may  be  feen 
in  Petavius’s  Uranologion,  and  Dr.  Gregory’s 
aftronomy. 

DEFINITION. 

When  a  ftar  rifes  or  fets  at  fun-rifing,  it  is 
faid  to  rife  orfet  cosmically. 

From  whence  we  fhall  have  the  following 

PROBLEM  Cl. 

The  latitude  of  the  place  being  given,  to  find, 
by  the  globe,  the  time  of  the  year  when  a 
given  ftar  rifes  or  fets  cofmically. 

Let  the  given  place  be  Rome,  whofe  latitude 
is  42  deg.  8  min.  north ;  and  let  the  given  ftar 
be  the  Lucida  Pleiadum.  Re<5tify  the  globe  for 
the  latitude  of  the  place;  bring  the  ftar  to  the 
edge  of  the  eaftern  horizon,  and  mark  the  point 
of  the  ecliptic  riling  along  with  it ;  that  will  be 
found  to  be  Taurus,  1 8  deg.  oppofite  to  which, 
on  the  horizon,  will  be  found  May  the  8th* 

The 
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The  Lucida  Pleiadum,  therefore,  rifes  cofmi- 
cally  May  the  3thw 

If  the  globe  continues  rectified  as  before,  and 
l^e  Lucida  Pleiadum  be  brought  to  the  edge  of 
w.eftern  horizon,  the  point  of  the  ecliptic, 
^hich  is  the  fun’s  place,  then  riling  on  the  eaft- 
ern  fide  of  the  horizon,  will  be  Scorpio,  29  deg. 
^Ppofite  to  which,  on  the  horizon,  will  be  found 
November  the  21ft.  The  Lucida  Pleiadum, 
lherefore,  fets  cofmically  November  the  21ft, 

In  the  fame  manner,  in  the  latitude  of  Lon¬ 
don,  Sirius  will  be  found  to  rife  cofmically 
Aug.  the  10th,  and  to  fet  cofmically  Nov.  10th. 

It  is  of  the  cofmical  fetting  of  the  Pleiades, 
that  Virgil  is  to  be  underftood  in  this  line. 
Ante  tibi  Eo.^e  Atlantides  abscondantur,* 

arid  not  of  their  setting  in  the  east,  as 
lome  have  imagined,  where  ftars  rife,  but  never 

tet. 

DEFINITION. 

When  a  ftar  rifes  or  fets  at  fun^fetting,  it  is 
to  rife  or  fet  achronically. 

^Tence,  like  wife,  we  have  the  following 

PROBLEM  CII. 

le  latitude  of  the  place  being  given,  to  find 
tlle  time  of  the  year  when  a  given  liar  will 
r‘fe  or  fet  achronically. 

Ff2 

*  Georg.  I,  i}  v.  221. 
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Let  the  given  place  be  Athens,  whofe  latitude 
is  37  deg.  north,  and  let  the  given  ftar  be 
Arcturus. 

Re&ify  the  globe  for  the  latitude  of  the  place, 
and  bringing  Ar&urus  to  the  eaftern  fide  of  the 
horizon,  mark  the  point  of  the  ecliptic  then  fel¬ 
ting  on  the  weftemfide;  that  will  be  found  Aries, 
12  deg.  oppofite  to  which,  on  the  horizon,  will 
be  found  April  the  2d.  Therefore,  Ardturus 
rifesat  Athens  achronically  April  the  2d. 

It  is  of  this  riling  of  Ardturus  that  Hefiod 
fpcaks  in  his  Opera  &  Dies.* 

When  from  the  folttice  fixty  wintry  days 
Their  turns  have  finilh’d,  mark  with  glitt’ring 
rays. 

From  ocean's  facred  flood  Arcturus  rife. 

Then  firft  to  gild  the  dufky  evening  Ikies. 

If  the  globe  continues  re&ified  to  the  latitude 
of  the  place,  as  before,  and  Ardlurus  be  brought 
to  the  weflern  fide  of  the  horizon,  the  point  of 
the  ecliptic  fetting  along  with  it  will  be  Sagittarf* 
7  deg.  oppofite  to  which,  on  the  horizon,  will  be 
found  November  the  29th.  At  Athens,  there" 
fore,  Ardturus  fets  achronically  November  the 
29th. 

In  the  fame  manner  Aldebaran,  or  the  bull 5 
eye,  will  be  found  to  rife  achronically  May  thc 
2 2d,  and  to  fet  achronically  December  the  19^' 

DEFINITION* 

*  Lib,  ii,  ver,  285, 
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DEFINITION. 

When  a  ftar  firft  becomes  vifible  in  the  morn¬ 
ing,  after  it  hath  been  fo  near  the  fun  as  to  be 
hid  by  the  fplendor  of  his  rays,  it  is  faid  to  rife 
^eliacally. 

But  for  this  there  is  required  fome  certain  de- 
preflion  of  the  fun  below  the  horizon,  more  or 
iefs  according  to  the  magnitude  of  the  ftar.  A 
ftar  of  the  firft  magnitude  is  commonly  fuppofed 
lo  require  that  the  fun  be  deprefled  1 2  deg.  per¬ 
pendicularly  below  the  horizon. 

This  being  premifed,  we  have  the  following 


problem  ciit. 


The  latitude  of  the  place  being  given,  to  find  the 
time  of  the  year  when  n  given  ftar  will  rife 
heliacally. 

Let  the  given  place  be  Rome,  whofe  latitude  is 
42  deg.  north,  and  let  the  given  ftar  be  the  bright 
ftar  in  the  bull’s  horn. 

Reftify  the  globe  for  the  latitude  of  the  place, 
krew  on  the  brafs  quadrant  of  altitude  in  it’s 
Zenith,  and  turn  it  to  the  weftern  ftde  of  the  hori- 


^°n*  Bring  the  ftar  to  the  eaftern  fide  of  the 
0rizon,  and  mark  what  degree  of  the  ecliptic  is 
CUt  by  1 2  deg.  marked  on  the  quadrant  of  alti- 
^e»  that  will  be  found  to  be  Capricon,  3  deg. 
e  point  oppolite  to  which  is  Cancer,  3  deg. 
oppoftte  to  this  will  be  found,  on  the  hori- 


Ff3 
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zon,  June  25th.  The  bright  liar,  therefore* 
in  the  bull’s  horn,  in  the  latitude  of  Rome, 
rifes  heliacally  June  the  25th. 

Thefe  kinds  of  rilings  and  lettings  are  not  only 
mentioned  by  the  poets,  but  likewife  by  the 
ancient  phylicians  and  hiftorians. 

Thus  Hippocrates,  in  his  book  De  ftLre,  fays, 
“  one  ought  to  obferve  the  heliacal  rifings  and 
fettings  of  the  liars,  efpecially  the  Dog  star,  and 
Arcturus  ;  likewife  the  cosmical  fetting  of  the 
Pleiades.” 

And  Polybius,  fpeaking  of  the  lofs  of  the 
Roman  fleet,  in  the  firlt  Punic  war,  fays,  “  it 
was  not  fo  much  owing  to  fortune,  as  to  the  ob- 
flinacy  of  the  confuls,  in  not  hearkening  to  their 
pilots,  who  difluaded'them  from  putting  to  fea 
at  that  feafon  of  the  year,  which  was  between  the 
riling  ot  Orion  and  the  Dog  star;  it  being  al¬ 
ways  dangerous,  and  fubje<5t  to  llorms.”* 

DEFINITION. 

When  a  liar  is  firll  immerfed  in  the  evening, 
or  hid  by  the  fun’s  rays,  it  is  faid  to  fet  heli¬ 
acally. 

And  this  again  is  faid  to  be,  when  a  liar  of  the 
firll  magnitude  comes  within  12  degrees  of  the 
fun,  reckoned  in  the  perpendicular. 

Hence  again  we  have  the  following 


problem 
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problem  civ. 

The  latitude  of  the  place  being  given,  to  find  the 
time  of  the  year  when  a  given  ftar  fets  heli- 
acally. 

Let  the  given  place  be  Rome,  in  latitude  42 
deg.  north,  and  let  the  given  ftar  be  the  bright 
ftar  in  the  bull’s  horn.  Re&ify  the  globe  for 
the  latitude  of  the  place,  and  bring  the  ftar  to 
the  edge  of  the  w  eftern  horizon  j  turn  the  qua¬ 
drant  of  altitude,  till  12  deg.  cut  the  ecliptic  on 
the  eaftern  fide  of  the  meridian.  This  will  be 
found  to  be  7  deg  of  Sagittary,  the  point  oppo- 
fite  to  which,  in  the  ecliptic,  is  7  deg.  of  Gemini ; 
and  oppofite  to  that,  on  the  horizon,,  is  May 
the  28th,  the  time  of  the  year  when  that  fets 
heliacally  in  the  latitude  of  Rome.  j 

Of  the  Precession  of  the  Equinox. 

We  have  already  taken  notice  of  and  illuftrated, 
in  page  378,  that  apparent  flow  motion  of  the 
fixed  ftars  forwards,  which  is  caufed  by  the  like 
flow  motion  of  theequino&ial  points  backwards ; 
and  fhewn  that  this  is  owing  to  the  revolution  of 
axis  of  the  equator  about  the  axis  of  the 
echptic,  the  pole  of  the  equator  deferibing  in  the 
heavens  a  circle  about  the  axis  of  the  e  liptic. 
%  this  motion  they  are  found  to  recede  from 
*heir  ancient  ftations,  at  the  rate  of  50  feconds 
F  f  4  every 
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every  year,  making  a  degree  in  72  years,  and 
25*9 20  years  t0  perform  one  revolution. 

Hence  it  is,  that  chough  the  figns  or  conftel- 
lations  in  the  zodiac  are  called  by  the  fame  names 
with  thofe  in  the  ecliptic,  yet  the  figns  in  one  do 
not  anfwer  to  thofe  in  the  other ;  the  fign  called 
Aries,  for  inftance,  in  the  ecliptic,  is  not  in  that 
part  of  it  which  anfwers  to  the  figure  or  conftel- 
lation  of  Aries  in  the  zodiac  :  the  fame  is  equally 
true  of  all  the  other  figns.  This  is  made  very 
plain  upon  the  celefiial  globe  ;  for  the  reader 
will  find  there  that  the  mark  y'  and  the  30  deg 
reckoned  from  it,  which  make  the  fign  Aries  in 
the  ecliptic,  are  not  within  the  figure  or  con- 
ftellation  of  the  ram.  Jhis  motion  in  their 
longitude  does  not,  however,  vary  their  latitude. 

Hence  their  places  being  once  determined  to  a 
known  year,  their  longitudes  may  be  afeerrained 
for  any  time  part  or  to  come,  by  the  foie  fub- 
tradion  or  addition  of  fo  many  times  50  feconds, 
as  there  are  years  between  that  to  whidi  the  given 
ftar  is  redified,  and  that  to  which  it  is  required ; 
or  knowing  the  quantity  of  preceffion  from  any 
former  period,  the  diftance  thereof  in  time  may 
be  obtained,  by  reducing  it  into  feconds,  and 
dividing  the  refult  by  50,  the  quotient  will  give 
the  number  of  years,  as  in  the  following  exam¬ 
ples. 


example 
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EXAMPLE  J. 

Given,  1908  ypars.  To  find  the  quantity  q{ 
*he  preceflion  for  that  time. 

1908  years 

Multiply  by  -  50  feconds 
60)  95400 
60)  1590 

Anfwer  -  -  26°  30  precefiion  in  1908  years. 
example  ir. 

Given  26°  30'  the  quantity  of  the  preceilion, 
to  find  the  time. 

26°  30' 

Multiply  by  60 

- - 

1590  minutes 
Multiply  by  60 

divide  by  50 )  95400  feconds 

Anfwer  -  1908  years. 

The  regular  change  in  the  preceffion  of  the 
^Xcd  ftars  or  rather  the  conftant  retrogreflion  of 
equinoctial  points,  feems  to  caufe  an  irregular 
'  Nation  in  their  right  afeepfions  and  declina¬ 
tions 
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tions,  more  or  lefs,  according  to  their  diftances 
from  the  pole  of  the  ecliptic.  Whence  it  may 
not  be  improper  to  fhew  how  thefe  may  be  found, 
as  the  cofmical,  achronical,  ahd  heliacal  rifings 
and  fettings  of  the  fixed  ftars,  found  by  the  pre¬ 
ceding  problems,  have  refpect  only  to  the  prcfent 
age  ;  and  the  following  problem  will  fhew  the 
reader  how  to  determine  the  ancient  place  of  any 
ftar  agreeable  to  the  time ^of  ancient  authors,  if 
their  authority  may  be  depended  on. 

problem  cv. 

Given  the  latitude  and  ancient  longitude  of  a 
fixed  ftar,  to  find  it’s  right  afcenfion  and  de¬ 
clination. 

Elevate  the  celeftial  globe  to  66^  degrees, 
bring  the  pole  of  the  ecliptic  into  the  zenith, 
and  there  fix  the  quadrant  of  altitude  ;  apply  it’s 
graduated  edge  to  the  given  ftar,  and  it  will  cut 
it’s  prcfent  longitude,  either  on  the  ecliptic  or 
broad  paper  circle,  which  in  this  pofition  of  the 
globe  coincide  with  each  other :  make  a  mark  on 
the  quadrant,  at  the  latitude  of  the  given  ftar, 
and  remove  it  to  it’s  ancient  longitude,  as  found 
above;  then  bring  the  graduated  edge  of  the 
moveable  meridian  to  the  mark  juft  made  upon 
the  quadrant  of  altitude,  and  fet  the  center  of  the 
artificial  fun  to  that  point  which  will  then  repre- 
fent  the  ancient  place  of  the  given  ftar.  That 
point  of  the  moveable,  meridian,  upon  w  hich  the 

center 
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center  of  the  artificial  fun  was  placed,  is  it’s  an¬ 
cient  declination ;  and  that  point  of  the  equator, 
cut  by  it’s  graduated  edge,  is  it’s  ancient  right 
afcenfion. 

The  globe  being  thus  rectified  to  the  place  and 
precefiion  of  any  particular  liar,  as  given  us  by 
ancient  authors,  the  times  of  the  year  when  fuch 
ftar  rofe  or  fet,  either  cofmically,  achronically, 
or  heliacally,  may  be  thus  obtained  by  the  pre¬ 
ceding  problems,  agreeable  to  the  period  of  the 
author  under  confideration.  The  reader,  who 
■wifiies  to  purfue  this  fubje<ft  farther,  will  find  it 
illuftrated  by  many  curious  and  learned  examples 
in  the  Rev.  Mr.  Coftard’s  Hiftory  of  Aftronomy. 

Of  the  Correspondence  of  the  Celestial 
and  Terrestrial  Spheres.* 

That  the  reader  may  thoroughly  underftand 
what  is  meant  by  the  correfpondence  between 
the  two  fpheres,  let  him  imagine  the  celeftial 
globe  to  be  delineated  upon  glafs,  or  any  other 
tranfparent  matter,  which  fhall  invert  or  fur- 
round  the  terreftrial  globe,  but  in  fuch  a  manner, 
that  either  may  be  turned  about  upon  the  poles 
of  the  globe,  while  the  other  remains  fixed;  and 
fuppofc  the  firft  point  of  Aries  on  the  inverting 
globe  to  be  placed  upon  the  firft  point  of  Aries  on 
the  terreftrial  globe,  (which  point  is  in  the  me¬ 
ridian  of  London)  then  every  ftar  in  the  celeftial 

fphere 
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fphcre  will  be  dire&Iy  over  thofe  places,  to  which 
it  is  a  correfpondent.  Each  liar  will  then  have 
the  degree  of  it’s  right  afeenfion  diredlly  upon  the 
correfponding  degree  of  terrertrial  longitude; 
their  declination  will  alfo  be  the  fame  with  the 
latitude  of  the  places  to  which  they  anfwer  ;  or 
in  other  words,  when  the  declination  of  a  ftar  is 
equal  to  the  latitude  of  a  place,  fuch  liar,  within 
the  fpace  of  24  hours,  will  pafs  vertically  over 
that  place,  and  all  others  that  have  the  fame 
latitude. 

If  we  conceive  the  celeftial  inverting  globe  to 
be  fixed,  and  the  terrertrial  globe  to  be  gradually 
turned  from  weft  to  eaft,  it  is  clear,  that  as  the 
meridian  of  London  partes  from  one  degree  to 
another,  under  the  inverting  fphere,  every 
ftar  in  the  celeftial  fphere  becomes  correfpondent 
to  another  place  upon  the  earth,  and  fo  on,  until 
the  earth  has  completed  one  diurnal  revolution; 
or  till  all  the  ftars,  by  their  apparent  daily  mo¬ 
tion,  have  parted  over  every  meridian  of  the 
terrertrial  globe.  From  this  view  of  the  fub- 
ject,  an  amazing  variety,  uniting  in  wonderful 
and  aftonifhing  harmony,  prefents  jtfelf  to  the 
attentive  reader;  and  future  ages  will  find  it 
difficult  to  inveftigace  the  reafons  that  fhould  in¬ 
duce  the  prefent  race  of  aftronomers  to  negledt  a 
fubjedt  fo  highly  interefting  to  fcience,  even  in  a 
practical  view,  but  which  in  theory  would  leacj 

them 
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them  into  more  fublime  Speculations,  than  any 
that  ever  yet  prefented  themfelvcs  to  their  minds, 

A  GENERAL  DESCRIPTION  OF  THE  PASSAGE  OF 

the  Star  marked  y  in  the  Head  of  the 
Constellation  Draco,  over  the  Parallel 
of  London. 

The  ftar  y,  in  the  head  of  the  conftellation 
Draco,  having  51  deg.  32  min.  north  declination, 
equal  to  the  latitude  of  London,  is  the  corres¬ 
pondent  ftar  thereto.  To  find  the  places  which 
it  pafles  over,  bring  London  to  the  graduated 
fide  of  the  brafs  meridian,  and  you  will  find  that 
the  degree  of  the  meridian  over  London  and  the 
representative  of  the  ftar,  pafles  over  from  Lon¬ 
don,  the  road  to  Briftol,  crofles  the  Severn,  the 
Briftol  channel,  the  counties  of  Cork  and  Kerry 
in  Ireland,  the  north  part  of  the  Atlantic  ocean,, 
the  Streights  of  Belleifle,  New  Britain,  the 
north  part  of  the  province  of  Canada,  New  South 
Wales,  the  Southern  part  of  Kamchatka,  thence 
over  different  Tartarian  nations.  Several  provinces 
of  Ruflia,  over  Poland,  part  of  Germany,  the 
Southern  part  of  the  United  Provinces,  when 
crofling  the  Sea,  it  arrives  again  at  the  meridian 
of  London. 

When  the  Said  ftar,  or  any  other  ftar,  is  on  the- 
meridian  of  London,  or  any  other  meridian, 
all  other  ftars,  according  to  their  declination  and 
fight  afcenfion,  and  difference  of  right;  afeen- 
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lion,  (which  anfwers  to  terreftrial  latitude,  long!-' 
tude,  and  difference  of  longitude)  will  at  the 
fame  time  be  on  fuch  meridians,  and  vertical  to 
fuch  places  as  correspond  in  latitude,  longitude, 
and  difference  of  longitude,  with  the  declination, 
&c.  of  the  refpe&ive  ftafs.* 

From  the  ftars,  therefore,  thus  confidered,  we 
attain  a  copious  field  of  geographical  knowledge, 
and  may  gain  a  clear  idea  of  the  proportionable 
diftances,  and  real  bearings,  of  remote  empires, 
kingdoms,  and  provinces,  from  our  own  zenith, 
at  the  fame  inftant  of  time ;  which  may  be  found 
in  the  fame  manner  as  we  found  the  place  to 
which  the  fun  was  vertical  at  any  propofed 
time. 

Many  instances  of  this  mode  of  attaining 
geographical  knowledge,  may  be  found  in  my 
father’s  treatife  on  the  globes. 

We  cannot  conclude  this  effay  on  the  edeflial 
globe,  better  than  with  the  Rev.  Mr.  Woolafton’s 
remarks  at  the  end  of  his  "  Preface  to  a 
Specimen  OF  a  general  Astronomical  Cata- 
logue,’’  after  exhorting  all  of  every  nation, 
and  climate,  to  unite  in  one  common  endeavour 
to  perfect  our  catalogues  of  the  fixed  ftars,  and 
render  the  knowledge  of  aftronomy  as  extenfive, 
as  the  art  and  induftry  of  man  can  make  it. 

“  Neither  ought  that,  fays  he,  to  be  efteemed 
a  fruitlefs  inquiry,  or  matter  of  bare  fpeculation. 

To 
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Tq  what  ufes  fuch  knowledge  may  be  turned, 
what  new  feenes  may  hereafter  open  to  our  view, 
it  is  impoflible  to  guefs.  Though  enough  is 
already  known  to  be  of  great  fervice  in  common 
life,  and  at  the  fame  time  to  aw  aken  contempla¬ 
tion;  yet  the  ftrides  that  have  been  made  of  late 
years  in  every  branch  of  philofophy,  and  not  the 
lead  in  this,  cannot  but  move  an  inquifuive 
mind  to  a  defire  of  farther  knowledge,  which  may 
lead  on  to  farther  benefit.  The  more  the  heavenly 
bodies  excite  our  aftonifhment,  from  their  fize, 
their  diftances,  the  regularity  of  their  motions, 
or  any  peculiarity  or  perfection  we  difeover  in 
thole  attractions  by  which  they  feem  retained 
in  their  places,  the  more  clear  it  is  to  any  rea¬ 
soning  head  that  they  could  not  have  made  them- 
felves  :  and  that  clofe  connection  between  caufe 
and  effeCt,  which  the  farther  we  fearch  the  more 
Clearly  we  difeern,  though  it  has  flaggered  the 
faith  of  many  a  celebrated  naturalift,  is  itfelf  ^ 
proof,  if  he  had  not  flopped  fhort  of  the  con- 
clufion,  that  all  thefe  muft  have  been  the  contri¬ 
vance  of  confummate  wifdom,  and  guided  by 
an  unerring  hand. 

Vet  at  the  fame  time  he  who  fees  that  ev^ry 
lttIe  corner  on  this  earth  of  our's  is  replete  with 
ammal  life,  though  but  one  race  on  it  feems  to 
en(l°wed  w  ith  reafoning  faculties,  cannot  but 
e  led  on  to  a  conjeCUire  at  leafl,  that  all  thofe 
bodies  he  difeovers  in  the  heavens  may  be 

peopled 
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peopled  with  their  gradations  of  inhabitants  like- 
wife}  and  that  each  of  them  not  improbably 
contains  it's  rational  beings  too,  to  acknowledge 
and  adore  the  Greator  of  them  all.  So  far  the 
heathen  philofopher  may  go :  though,  if  he  be  at 
modeft  inquirer  after  truth,  he  will  not  dogma¬ 
tize,  or  enter  into  any  particular  detail  of  what 
is  fo  totally  out  of  his  reach. 

But  the  chriflian  may  perhaps  allow  himfelf, 
not  to  dogmatize  on  his  part,  but  to  carry  his 
conje&ures  a  few  fteps  farther.  Revolving  in  his 
mind  what  he  acknowledges  has  been  done  for 
man,  the  only  rational  inhabitant  he  knows  on 
our  earth;  and  confidering  that  God  has  fent 
fome  of  his  angels  or  meflengers  from  time  to 
time  to  declare  his  will  to  us;  and  has  moreover 
fent  the  Chrift  more  fully  to  reveal  it;  whatever* 
others  may  think,  he  is  fatisfied  thereby  that: 
however  fmall  we  are  in  this  vaft  univerfe,  we 
are  not  beneath  the  notice  of  the  Ruler  of  it. 
Loft  in  amaze  at  the  greatnefs,  and  at  the  fame 
time  the  goodnefs  of  the  Deity  towards  us,  will 
he  not  be  led  thereby  into  a  more  full  acknow¬ 
ledgment  of  him,  and  more  determined  refo- 
lution  of  obedience  to  his  will  ?  This  feems 
but  the  rational  refult  from  fuch  a  chain  of 
thought. 

Yet,  if  that  thought  be  purfued,  fince  the  in¬ 
habitants  of  the  other  planets  of  our  fyftem> 
and  of  the  many  fyftems  there  may  be  among 
r  the 
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the  numbcrlefs  ftars  in  the  vaft  expanfe,  muft 
equally  be  objedts  of  the  Divine  favour  with 
ourfelves ;  and  fince  the  rational  inhabitants  of 
fome  few  or  more  among  fo  many  myriads,  may 
have  been  found  difobedient;  is  a  man.  to  blame 
for  thinking  that  if  they  ftand  in  need  of  refto- 
ration,  they  mull  be  full  as  worthy  of  it  as  our- 
felves ;  and  may,  for  any  thing  that  we  know, 
have  been  already  redeemed,  or  may  yet  be  to 
he  redeemed,  when  in  and  what  way  it  fhall  be 
ken  fitting  by  the  Almighty  Ruler  of  us  all  ? 

Such  thoughts  at  lead  the  author  of  thefe 
Pages  cannot  but  confefs  have  occurred  to  his 
mind  while  he  has  been  contemplating  the  hea- 
v'ens,  during  the  intervals  of  obfervation,  till  the 
next  liar  has  come  into  his  field  of  view.  And, 
though  the  divine  fhould  be  cautious  of  bewil¬ 
dering  others  with  fuch  inquiries  in  the  way  of 
his  profeflion;  he  trufts,  that  the  purfuitof  them 
UnprcfTes  on  the  philofopher  a  no  lefs  rational 
1(ka  of  the  world  and  the  inhabitants  of  it,  than 
f°mc  have,  who,  while  they  confefs  the  necefiity 
an  intelligent  maker  to  their  clocks  and 
batches,  fcornfully  refufe  all  acknowledgment 
°f  one  to  the  more  wonderful  works  we  behold. 
ehher  indeed,  on  the  other  hand,  does  he  think 
^nds  to  imprefs  on  any  one  a  lefs  humble 
ri°tion  of  man’s  dependence  upon  God,  than 
thers  have,  who  acknowledging  a  Creator,  con- 
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fine  all  their  ideas  of  his  moral  government  to 
this  little  earth  we  inhabit. 

That  our  earth  itfelf  does  revolve  round  our 
fun,  together  w  ith  it’s  other  planets,  is  now  ac¬ 
knowledged  by  all;  though  the  time  has  been 
that  fuch  acknowledgment  was  accounted  cri-" 
minal:  that  other  planets  may  revolve  round 
other  funs,  is  probable:  that  fome  of  the  fktvs 
themfelves  do  move,  is  oflate  years  pretty  well 
afeertained:  that  our  fun  does  fo  in  fome  degree, 
is  furmifed  from  obfervation:  that  all  the  ftars 
may  do  fo  too,  is  not  unlikely :  and  if  they  all 
be  thought  to  do  fo  in  any  certain  courfc,  round 
one  common  center,, on  which  they  all  depend, 
and  by  which  they  are  all  governed;  it  is  net 
for  man  to  quarrel  with  his  brother  concerning 
it.  A  conjedture  it  is,  the  idea  of  which  has 
been  darted,  and  it  is  confefled  is  not  quite  dis¬ 
approved;  yet  is  it  but  a  conjedture  at  the  mod, 
which  no  man  has  any  right  to  impofe  upon 
another,  however  poffible,  or  however  plau- 
fible,  or  even  convincing,  it  might  appear  to 
him. 

But,  be  thefe  things  as  they  may,  let  each 
philofopher  fearch  for  facts  in  every  branch  of 
fcience;  let  the.aflronomer  of  every  nation  and 
every  perfuafion  fearch  for  them  in  his  walk* 
and  communicate  his  difeoveries  without  refervei 
and  the  time  may  come  when  fome  one  or  m°r^. 
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of  us  fhall  find  out  what  may  yet  be  important 
to  be  known;  one  law  by  which  they  all  are 
governed,  the  link  in  the  chain  of  divinity  as 
well  as  phyfics,  by  which  they  are  conne&ed  all 
together.” 


o  F 


THE 


USE 

OF  THE 

terrestrial  globe, 

WHEN  MOUNTED  IN  THE  COMMON  MANNER. 

/\  LTHOUGH  I  have,  in  the  firft  part  of 
this  eiTay,  laid  before  my  readers  the 
feafons  which  induce  me  to  prefer  my  father’s 
banner  of  mounting  the  globes,  to  the  old  or 
Ptolemaic  form,  yet  as  many  maybe  in  pofleflioii 
°f  globes  mounted  in  the  old  form,  and  others 
^ay  have  been  taught  by  thofe  globes,  I  thought 
would  render  thefe  efTays  more  complete,  to 
8lve  an  account  of  fo  many  of  the  leading  prob- 
*enis>  folved  on  the  common  globes,  as  would 
a  a-  o  enable 
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enable  them  to  apply  the  remainder  of  thofe  here¬ 
tofore  folved,  to  their  own  ufe.  This  is  the  more 
expedient,  as  fince  the  publication  of  my  father’s 
treat ife;  there  have  been  a  few  attempts  to  do 
away  fome  of  the  inconveniences  of  the  ancient 
form,  particularly  that  of  the  old  hour  circle,, 
which  is  now  generally  placed  under  the  meri¬ 
dian. 

I  cannot,  however,  refrain  from  again  obferv- 
ing  to  the  pupil,  that  the  folation  of  the  prob¬ 
lems  on  the  old  globes  depends  upon  appear¬ 
ances;  than  therefore,  if  he  means  to  content 
himfelf  with  the  mere  mechanical  folution  of 
them,  the  Ptolemaic  globes  w ill  anfwcr  his  pur- 
pofe  ;  but  if  he  wifhes-  to  have  clear  ideas  of  the- 
rationale  of  thofc  problems,  he  muft  ufe  thofe 
mounted  in  my  father’s  manner. 

The  celeftial  globe  .is  ufed  the  fame  way  in 
both  mountings,  excepting  that  in  my  father's 
mounting  it  has  fome  additional  circles;  but  the 
difference  is  fo  trifling,  that  it  is  prefumed  the 
pupil  can  find  no  difficulty  in  applying  the  direc- 
tions  there  as  given  to  the  old  form. 

problem  i. 

To  find  the  latitude  and  longitude  of  any  given 
place  on  the  globe. 

Bring  the  place  to  the  eafi  fide  of  the  brafs 
meridian,  then  the  degree  marked  on  the  me¬ 
ridian  over  it  fhevvs  it’s  latitude,  and  the  degree 

of 
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'Of  the  equator,  under  the  meridian,  fliews  it’s 
longitude. 

Hence,  if  the  longitude  and  latitude  of  an y 
place  be  given,  the  place  is  eafily  found,  by 
bringing  the  given  longitude  to  the  meridian  ; 
for  then  the  place  will  lie  under  the  given  de¬ 
cree  of  latitude  upon  the  meridian. 

problem  n. 

To  find  the  differences  of  longitude  between  any 
two  given  places. 

Bring  each  of  the  given  places  facceffively  to 
the  brazen  meridian,  and  fee  where  the  meridian 
cuts  the  equator  each  time;  the  number  of  de¬ 
crees  contained  between  thofe  two  points,  if  it 
c  Ids  than  iSodeg.  otherwife  the  remainder  to 
36o  deg.  will  be  the  difference  of  longitude  re¬ 
quired. 

PROBLEM  III. 

^O  redify  the  globe  for  the  latitude,  zenith,  and 
fun's  place. 

Bind  the  latitude  of  the  place  (by  prob.  1.) 
n  if  the  place  be  in  the  northern  hemifphere, 
evate  the  north  pole  above  the  horizon,  ac¬ 
ting  to  the  latitude  of  the  place.  If  the  place 
in  thefouthern  hemifphere,  elevate  the  fouth 
^  c  above  the  fouth  point  of  the  horizon,  as 
degrees  as  are  equal  to  the  latitude. 

|  av*nS  elevated  the  globe  according  to  it’s 
uude,  count  the  degrees  thereof  upon  the  me- 
Gg  j  ridian 
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ridian  from  the  equator  towards  the  elevated 
pole,  and  that  point  will  be  the  zenith,  or  the 
vertex  of  the  place;  to  this  point  of  the  meri¬ 
dian  fatten  the  quadrant  of  altitude,  fo  that  the 
graduated  edge  thereof  may  be  joined  to  the  faid 
point. 

Having  brought  the  fun’s  place  in  the  ecliptic 
to  the  meridian,  fet  the  hour  index  at  twelve  at 
noon,  and  the  globe  will  be  remitted  to  the  fun’s 
place. 

PROBLEM  IV. 

The  hour  of  the  day  at  any  place  being  given,  to 
find  all  thofe  on  the  globe,  where  it  is  noon, 
midnight,  or  any  given  hour  at  that  time. 

On  the  globes  when  mounted  in  the  common 
manner,  it  is  now  cuttomary  to  place  the  hour 
circle  under  the  north  pole;  it  is  divided  into 
twice  twelve  hours,  and  has  two  rows  of  figures, 
one  running  from  eaft  to  wett,  the  other  from  weft 
to  eaft;  this  circle  is  moveable,  and  the  meridian 
anfwers  the  purpofe  of  an  index. 

Bring  the  given  place  to  the  brazen  meridian, 
and  the  given  hour  of  the  day  on  the  hour  circle; 
this  done,  turn  the  globe  about,  till  the  meridian 
points  at  the  hour  defired;  then,  w  ith  all  thofe 
under  the  meridian,  it  is  noon,  midnight,  or  any 
given  hour  at  that  time. 
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PROBLEM  V. 

The  hour  of  the  day  at  any  place  being  given, 
to  find  the  correfpondent  hour  (or  what  o’clock 
it  is  at  that  time)  in  any  other  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  fet  the  hour  circle  to  the  given  time;  then 
turn  the  globe  about,  until  the  place  where  the 
hour  is  required  comes  to  the  meridian,  and  the 
meridian  will  point  out  the  hour  of  the  day  at 
that  place. 

Thus,  when  it  is  noon  at  London,  it  is 


fRomc 

^  Conftantinople 
j  Vera  Cruz 
^Pekin  in  China 


o  52  p.  m. 
2  7  p.  m. 

5  30  a.  M. 

7  50  v-  M. 


PROBLEM  VI. 

The  day  of  the  month  being  given,  to  find  all 
thofe  places  on  the  globe  where  the  fun  will  be 
vertical,  or  in  the  zenith  that  day. 

Having  found  the  fun’s  place  in  the  ecliptic 
for  the  gitfcn  day,  bring  the  fame  to  the  brazen 
meridian,  obferve  w  hat  degree  of  the  meridian 
is  over  it,  then  turn  the  globe  round  it’s  axis, 
and  all  places  that  pafs  under  that  degree  of  the 
Meridian  will  have  the  fun  vertical  or  in  r^e 
Zenith  that  day,  i.  e.  dire&ly  over  the  head  of 
cach  place  at  it’s  refpe<5tive  noon. 

GS 
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problem  vii. 

A  P,acc  bein§  g'vcn  in  the  torrid  lone,  to  find 
thofe  two  days  of  the  year  on  which  the  fun 
will  be  vertical  to  that  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  mark  the  degree  of  latitude  that  is  exactly 
over  it  on  the  meridian;  then  turn  the  globe 
about  it’s  axis,  and  oblerve  the  two  points  of  the 
ecliptic,  which  pafs  exactly  under  that  degree  of 
latitude,  and  look  on  the  horizon  for  the  two 
days  of  the  year  in  which  the  fun  is  in  thofe 
points  or  degrees  of  the  ecliptic,  and  they  are 
the  days  required;  for  on  them,  and  none  elfe, 
the  fun  s  declination  is  equal  to  the  latitude  of  the 
given  place. 


problem  viii. 

To  find  the  antoeci,  pcrioeci,  and  antipodes  of 
any  given  place. 

Bring  the  given  place  to  the  brazen  meridian, 
and  having  found  it’s  latitude,  keep  the  globe  in 
that  pofition,  and  count  the  fame  number  of  de¬ 
grees  of  latitude  on  the  meridian,  from  the  equa¬ 
tor  towards  the  contrary  pole,  and  where  the 
reckoning  ends,  that  will  give  the  place  of  the 
antoeci  upon  the  globe.  Thofe  who  live  at  the 
equator  have  no  antoeci. 

The  globe  remaining  in  the  fame  pofition, 
bring  t.ie  upper  XII  on  the  horary  circle  to  the 

meridian. 


meridian,  then  turn  the  globe  about  till  the  me¬ 
ridian  points  to  the  lower  XII ;  the  place  which 
then  lies  under  the  meridian,  having  the  fame 
latitude  with  the  given  place,  is  the  pcrioeci  re¬ 
quired.  Thofe  who  live  at  the  poles,  if  any,  have 
no  perioeci. 

As  the  globe  now  Hands  (with  the  index  at  the 
lower  XII)  the  antipodes  of  the  given  place  are 
under  the  fame  point  of  the  brazen  meridian 
"here  it’s  antceci  Hood  before. 

PROBLEM  IX. 

fo  find  at  what  hour  the  fun  rifes  and  fets  any 
day  in  the  year;  and  alfo  upon  what  point  of 
the  compafs. 

Re&ify  the  globe  for  the  latitude  of  the  place 
you  are  in;  bring  the  fun’s  place  to  the  meridian, 
and  bring  the  XII  to  the  meridian;  then  turn  the 
fan's  place  to  the  eaftern  edge  of  the  horizon, 
and  the  meridian  will  point  out  the  hour  of 
rifing;  if  you  bring  it  to  the  weftern  edge  of  the 
horizon,  it  will  Ihew  the  fetting. 

Thus  on  the  16th  day  of  March,  the  fun  rofe 
a  little  pall  fix,  and  fee  a  little  before  fix. 

Note:  In  the  fummer  the  fun  rifes  and  fets  a 
httle  to  the  northward  of  the  eaft  and  weft  points, 
hut  in  winter,  a  little  to  the  fouthward  of  them. 
^  therefore,  when  the  fun’s  place  is  brought  to 
lhe  eaflern  and  weftern  edges  of  the  horizon,  you 
on  the  inner  circle,  right  againft  the  fun’s 
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place,  you  will  fee  the  point  of  the  compafc 
upon  which  the  fun  riles  and  fets  that  day. 

PROBLEM  X. 

To  find  the  length  of  the  day  and  night  at  any 
time  of  the  year. 

Only  double  the  time  of  the  fun’s  rifing  that 
day,  and  it  gives  the  length  of  the  night;  double 
the  time  of  his  fetting,  and  it  gives  the  length 
of  the  day. 

This  problem  fhews  how  long  the  fun  flays 
with  us  any  day,  and  how  long  he  is  abfent  from 
us  any  night. 

Thus  on  the  2.6th  of  May  the  fun  rifes  about 
four,  and  fets  about  eight;  therefore,  the  day  is 
fixteen  hours  long,  and  the  night  eight. 

PROBLEM  XI. 

To  find  the  length  of  the  longeft  or  fhorteft  day, 
at  any  place  upon  the  earth. 

Rectify  the  globe  for  that  place,  bring  the  be¬ 
ginning  of  Cancer  to  the  meridian;  bring  XII 
to  the  meridian,  then  bring  the  fame  degree  of 
Cancer  to  the  eaft  part  of  the  horizon,  and  the 
meridian  will  fhew  the  time  of  the  fun’s  rifing. 

If  the  fame  degree  be  brought  to  the  w  eftern 
fide,  the  meridian  will  fhew  the  fetting,  w  hich 
doubled  (as  in  the  laft  problem)  will  give  the 
length  of  the  longeft  day  and  fhorteft  night. 

If  we  bring  the  beginning  of  Capricorn  to 

the 
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the  meridian,  and  proceed  in  all  refpe&s  as  be¬ 
fore,  we  Ihall  have  the  length  of  the  longeft 
night  and  fhorteft  day. 

Thus  in  the  Great  Mogul’s  dominions,  the 
longeft  day  is  14  hours,  and  the  fhorteft  night 
10  hours.  The  fhorteft  day  is  10  hours,  and  the 
longeft  night  14  hours. 

At  Peterfburgh,  the  feat  of  the  Emprefs  of 
Ruftia,  the  longeft  day  is  about  19  \  hours,  and 
the  fhorteft  night  4 1  hours ;  the  fhorteft  day  4  £ 
hours,  and  longeft  night  1 9  \  hours. 

Note:  In  all  places  near  the  equator,  the  fun 
rifes  and  fets  at  ftx  the  year  round.  From  thence 
to  the  polar  circles,  the  days  increafc  as  the  la¬ 
titude  increafes ;  fo  that  at  thofe  circles  them- 
felves,  the  longeft  day  is  24  hours,  and  the 
longeft  night  juft  the  fame.  From  the  polar 
circles  to  the  poles,  the  days  continue  to 
lengthen  into  weeks  and  months ;  fo  that  at  the 
very  pole,  the  fun  fhincs  for  fix  months  toge¬ 
ther  in  fummer,  and  is  abfent  from  it  fix  months 
in  winter. 

Note:  That  when  it  is  fummer  with  the 
northern  inhabitants,  it  is  winter  with  the  fouth- 
ern,  and  the  contrary :  and  every  part  of  the 
world  partakes  of  an  equal  fhare  of  light  and 
darknefs. 
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problem  XII. 

To  find  all  thofe  inhabitants  to  whom  the  fun  is 
this  moment  riling  or  fetting,  in  their  meri- 
dian  or  midnight. 

Find  the  fun’s  place  in  the  ecliptic,  and  raifc 
the  pole  as  much  above  the  horizon  as  the  fun 
(that  day)  declines  from  the  equator,  then  bring 
the  place  where  the  fun  is  vertical  at  that  hour 
to  the  brafs  meridian,  fo  will  it  then  be  in  the 
zenith  or  center  of  the  horizon.  Now  fee  what 
countries  lie  on  the  weflern  edge  of  the  horizon, 
for  in  them  the  fun  is  riling,  to  thofe  on  the* 
eaftern  fide  he  is  fetting,  to  thofe  under  the 
upper  part  of  the  meridian  it  is  noon  day,  and 
to  thofe  under  the  lower  part  of  it,  it  is  mid- 
night. 

I  nus  on  the  25th  of  April,  at  fix  o’clock  in 
the  evening,  at  Worcefter, 

The  fun  is  rifing  at  New  Zealand,  and  to 
thofe  who  are  failing  in  the  middle  of  the  Great 
South  Sea. 

The  fun  is  fetting  at  Sweden,  Hungary,  Italy, 
Tunis,  in  the  middle  of  Negroland  and  Guinea. 

In  the  meridian  (or  noon )  at  the  middle  of 
Mexico,  Bay  of  Honduras,  middle  of  Florida, 
Canada,  See. 

Midnight  at  the  middle  of  Tartary,  Bengal, 
India,  and  the  feas  near  the  Sunda  ides. 
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PROBLEM  XIII. 

To  find  the  beginning  and  end  of  twilight. 

The  twilight  is  that  faint  light  which  opens 
rhe  morning  by  little  and  little  in  the  eaft,  before 
the  fun  rifes ;  and  gradually  fhuts  in  the  evening 
in  the  weft,  after  the  fun  is  fet.  It  arifes  from 
the  fun’‘s  illuminating  the  upper  part  of  the  at- 
toofphere,  and  begins  always  when  he  ap¬ 
proaches  within  1 8  degrees  of  the  eaftern  part 
°f  the  horizon,  and  ends  when  he  defeends  1 8 
degrees  below  the  weftern;  when  dark  night 
Commences,  and  continues  till  day  breaks  again. 

To  find  the  beginning  of  twilight,  retftify  the 
globe;  turn  the  degree  of  the  ecliptic,  which  is 
°ppolite  to  the  fun’s  place,  till  it  is  elevated  1 8 
degrees  in  the  quadrant  of  altitude  above  the 
horizon  on  the  weft,  fo  will  the  index  point  the 
hour  twilight  begins. 

This  fhort  fpecimen  of  problems  by  the  old 
globes,  it  is  prefumed,  will  be  fufficientto  ena¬ 
ble  the  pupil  to  folve  any  other. 


essay 


mm 


I  tl&il' 


P 


(  478  ) 


essay  III. 
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A  description 


OF  THE  MOST  IMPROVED 

PLANETARIUMS,  TELLURIANS, 

AND 

SPHERED 

IN  purfuancc  of  my  original  plan,  I  proceed 
to  defcribe  thofe  inftruments  that  have  been 
contrived  to  facilitate  the  progrefs  of  aftronomy 
and  geography.  By  their  afliftance,  the  ledturei 
and  teacher  are  enabled  to  imprefs  more  ftrongly 
on  their  pupils,  the  principles  defigned  to  be 
cultivated.  The  pupil,  by  refolving  a  problem, 
or  explaining  any  particular  phaenomenon  by  an 
inftrument,  ftrengthens  the  faculties  of  his  mind, 
and  realizes  to  himfelfby  the  eye  and  the  touch, 
what  would  otherwife  have  left  but  a  faint  and 
imperfeft  trace  upon  his  memory. 
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To  reprefent  by  machines  the  motion  and 
Various  afpedts  of  the  heavenly  bodies,  to  (hew 
by  them  the  parallelifm  of  the  earth’s  axis,  toge¬ 
ther  with  it’s  diurnal  and  annual  motions ;  and  by 
this  means  to  explain  the  beautiful  variety  of  the 
l'eafons,  and  other  celeftial  and  terreftrial  phe¬ 
nomena,  has  ever  been  con$dcred  as  one  of  the 
nobFeft  efforts  of  mechanical  genius. 

It  is  the  bufinefs  of  this  effay  to  deferibe  the 
moff  modern  inftruments  that  have  been  contri¬ 
ved  for  this  purpofe.  The  three  firft  that  I 
fhall  deferibe  are  reprefented  in  plate  V.  plate 
XV.  and  plate  XVI :  the  one  is  a  manual  plane¬ 
tarium,  the  other  a  fimple  tellurian,  the  third  a 
lunarium  :  thefe  three  ought  to  accompany  every 
pair  of  globes;  they  are  rendered  as  fimple  as 
poflible,  in  order  to  reduce  the  price,  that  much 
real  knowledge  may  be  attained  at  an  eafy 
rate. 

Plate  XVII.  fig.  i,  and  plate  XVIII.  fig.  1 
and  2,  reprefent  what  1  deem  to  be  the  com¬ 
pleted  inlfrument  of  the  kind  :  it  is  fo  contrived 
as  to  exhibit,  with  the  greateft  accuracy  and 
perfpicuity,  the  phenomena  of  the  earth  and 
heavens ;  being  the  mod  comprehenfive,  and  at 
the  fame  time  the  lead  defective. 

Plate  XIX.-  reprefents  an  elegant  and  neat 
planetarium,  tellurian,  and  lunarium,  in  one 
indrument,  the  whole  moving  by  wheel-work. 
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Fig.  i  and  2,  plate  XIII.  two  armillary 
fpheres ;  a  planetarium  is  included  in  that  of 
fig.  1,  plate  XIII.  fig.  2  is  an  armillary  fphere, 
by  which  the  real  and  apparent  motion  of  the 
earth  and  heavens  may  be  illuffrated  and  ex¬ 
plained. 

A  Description  of  the  three  Instruments 

REPRESENTED  IN  PLATE  V.  PLATE  XV.  AND 

Plate  XVI. 

In  this  part  we  (hall  fuppofe  the  reader  to  be 
acquainted  with  thofe  definitions  that  we  have 
had  occafion  to  introduce  in  the  preceding  parts 
of  this  work;  thefe  being  remembered,  he  will 
meet  with  little  or  no  difficulty  in  the  following 
pages. 

Plate  XV.  reprefents  a  manual  planetarium,  or 
one  in  which  the  planets  muff  be  moved  by  hand, 
without  the  afliftance  of  wheel-work. 

First.  A  Description  of  the  Planetarium, 
REPRESENTED  AT  PLATE  XV. 

A  planetarium  may  be  confidered  as  a  diame¬ 
trical  fe&ionof  our  univerfe,  in  which  the  upper 
and  lower  hemifpheres  are  fuppreffed  :  the  fun  is 
reprefented  by  abrafs  ball  ©  placed  in  the  center 
of  the  inftrument ;  round  about,  but  at  different 
diftances,  the  planets  are  placed  thus  on  the 
ftem;  near  the  fun  is  Mercury  5 ,  then  Venus 

the 
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lhc  Earth  ®,  Mars  ,  Jupiter  and  laftly 
Saturn  P>. 

The  fccondary  ones  are  placed  about  the  pri¬ 
mary  ones ;  thus  about  the  earth  there  is  one 
kittle  ball  to  reprefent  the  moon,  about  Jupiter 
four,  about  Saturn  are  five  befides  his  ring', 
ypon  the  plate  of  the  planetarium  are  placed, 
m  two  oppofite  circles,  the  ecliptic,  and  the 
CaIendar  of  months,  by  which  means  the  planets 
may  be  fet  to  their  mean  places  in  the  ecliptic 
0r  any  day  of  the  year. 

Imperfect  as  this  inftrument  may  appear,  it 
^11  greatly  aflifi:  the  tutor  in  communicating  to 
is  pupil  general  ideas  of  the  order,  number, 
Ptafes,  relative  pofitions,  and  motion  of  the 
^lcIEial  bodies.  Either  of  the  planets  may  be 
hirned  round  by  laying  hold  of,  and  moving 
.  e  brafs  bar  which  fupports  them.  In  thus. 
Stating  their  different  revolutions,  it  will  be 
^ery  obvious  that  if  each  of  them  left  a  trace 
ehindof  theirmotions,  there  would  be  fix  con- 
Cefttric  circles  deferibed  about  the  brafs  bail 
tc‘prefenting  their  different  orbits. 

,  ^  fecond  obfervation  may  be  very  properly 
at>  ^  hich  has  been  infilled  on  in  the  firft  efTay 
of  work,  page  1 6,  namely,  that  the  motions 

fc  the  planets  are  regular  and  harmonious  as 
fep  ^r°m  t^le  ^Un’  tlle  pupil,  by  fuppofing  him- 
*  fituated  on  the  brafs  ball,  and  viewing  the 
H  h  motion 
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motion  of  the  planets  from  thence,  will  find  the 
idea  pleafingly  and  fully  illuftrated. 

Let  him  afterwards  fuppofe  himfelf  to  be 
fituated  on  the  earth,  and  he  will  foon  find,  that 
it  is  his  fituation  which  is  the  fource  ofapparent 
irregularity.  If  he  confidcrs  the  motions  of 
the  planets  Venus  and  Mercury,  he  will  find 
that  in  one  part  of  their  orbit,  they  pafs  be¬ 
tween  us  and  the  fun  :  this  is  called  their  infe-. 
rior  conjunction,  while  in  the  oppofite  part 
they  pafs  on  beyond,  or  on  the  other  fide  of. 
the  fun,  which  is  called  their  fuperior  con¬ 
junction. 

Here  alfo  it  becomes  very  evident,  that  nei¬ 
ther  Qf  thefe  planets  can  ever  appear  at  a  great 
difiance  from  the  fun.  The  tutor  may  eafily 
explain  this,  and  Avhat  is  alfo  meant  by  the  elon¬ 
gation  of  a  planet,  by  applying  the  doubled  end 
of  a  piece  of  thread  to  the  globe  that  reprefents 
the  earth  ;  one  of  the  ends  of  the  thread  clofe  to 
the  .fiem  of  the  fun,  and  the  other  end  to  that 
of  Venus  and  Mercury;  he  will  then  find  on 
moving  the  planets  round,  that  they  can  never 
appear,  far  from  the  fun,  and  that  Mercury  re¬ 
cedes  lefs  from  him  than  Venus;  the  angle  ob- 
ferved  by  this  means  would  coincide  exaefity 
with  that  oa  the  heavens,  if  the  arms  of  the 
planetarium  were  at  a  fufficient  length  to  repi‘e' 
lent  the  proportional  diftanccs  of  the  planeti 

froin 
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from  each  other.  It  is  becaufe*  Mercury  re¬ 
moves  fo  little  from  the  fun,  that  he  is  fo  fel- 
dt>m  feen. 

The  pupil  will  find  that  the  fuperior  planets* 
Mars,  Jupiter,  or  Saturn,  are  fometimes  feen  in 
dirctf:  oppofition  to  the  fun,  having  the  earth 
between  them  and  it ;  they  are  at  other  times 
feen  in  conjunction  w  ith  the  fun,  or  ori  the  con- 
^rary  fide  of  it.  1  he  phafes  of  the  planets  are 
dluihated  by  placing  a  fmall  lamp,  or  piece  of 
candjc,  in  the  center  of  the  machine,  inftead  of 
the  brafs  ball  that  reprefents  the  fun. 

The  planets  when  moving,  are  continually 
varying  their  difiances  from  the  earth,  and  con¬ 
sequently  cannot  appear  to  move  with  an  uni- 
*Grm  velocity  ;  for  they  will  be  feen  to  move 
^iler  when  they  aie  neared:  the  earth,  and 
0v'efi  when  they  are  moft  remote  from  it; 
^ence  alfo  they  appear  much  larger  at  one  time 
lban  at  another. 

The  teacher  may  by  this  infirument  make  it 
°bviolJs. to  his  pupil,  why  the  planets  appear  to 
'0\  e  fometimes  direct,  at  others  fiationary  or 
,etrograde  ;  by  extending  a  firing  from  the  earth 
^  e.ther  of  the  planeis,  and  to  fome  difiance 
cyond  them,  and  keeping  it  over  them  during 
*  Evolution. 

■by  the  planetarium,  the  pupil  w  ill  receive  the 
^°ft  fatisfa&ory  evidence  of  the  truth  of  the 
°Pernican,  and  the  errors  of  the  Ptolemaic 
H  h  2  fyftem. 
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fyftem.  For  on  removing  the  brafs  ball  from 
the  center,  and  placing  in  it’s  Head  a  fmall  ivory 
one  to  reprefent  the  earth,  and  placing  a  fmall 
brafs  ball  inftead  of  the  ivory  earth,  the  inftru- 
ment  will  then  exhibit  the  lituation  of  the 
planetary  bodies  according  to  the  Ptolemaic 
fyftem . 

It  is  plain,  that  in  this  fyftem,  in  which  the 
earth  is  made  the  center  of  the  motion  of  the 
heavenly  bodies,  1 .  That  their  motions  would 
all  have  been  the  fame  way,  or  from  weft  to  eaft 
continually  ;  whereas  in  the  heaven  they  are  fecn 
to  move  fometimes  from  weft  to  eaft,  at  others 
from  eaft  to  weft,  while  at  other  times  they  are 
stationary.  2.  They  w  ould  in  this  cafe  appear 
to  move  with  an  uniform  velocity ;  whereasthey 
are  always  obferved  to  move  with  a  variable 
one.  3.  On  the  fuppofition  that  the  earth  w  as  the 
center  of  the  fyftem,  it  is  evident  from  the 
inftrument,  that  any  of  the  planets  might  be 
feen  at  all  diftances  from  the  fun,  or  that  Mer¬ 
cury  or  Venus  might  be  feen  w  hen  the  fun  is 
letting,  not  only  in  the  fouth,  but  even  in  the 
eaft,  lituations  in  w  hich- they  w  ere  never  feen  by 
any  obferver.  4.  The  planets  Venus  and  Mer¬ 
cury  being,  according  to  this  hypothelis,  w  ithh1 
the  orbit  of  the  fun,  could  never  be  feen  to  ga 
behind  or  beyond;  but  from  obfervation  ^ c 
find  them  as  often  behind  as  before  the  fan* 
To  remedy  thefe  imperfe&ions  in  his  fyftei*1* 
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and  reconcile  it  with  nature,  Ptolemy  was  obli¬ 
ged  to  introduce  various  circles,  into  which  he 
fuppofed  the  planets  to  deviate  in  their  revolu¬ 
tions  round  the  earth ;  thus  multiplying  caufes 
without  neceflity,  and  rendering  that  perplexed, 
Which,  when  rightly  conlidered,  is  found  to  be 
fimple. 

Description  of  the  Tellurian  represented 
at  Fig.  i,  Plate  V. 

This  is  the  moft  fimple  tellurian  that  is 
made ;  my  endeavours  in  conftrudting  it  hafve 
been  to  form  an  inftrument  that  fhould  render 
the  phenomena  of  the  feafons  clear  to  the 
youngeft  pupil. 

It  confifts  of  four  fmall  globes,  A,  B,  C,  D, 
defigned  to  reprefent  our  earth  at  the  four  prin- 
cipal  feafons  of  the  year,  fummer  and  wdnter, 
spring  and  autumn.  Thcfe  globes  are  all  in¬ 
clined  in  an  angle  of  66|  degrees  to  the  plane  of 
the  ecliptic  ;  in  the  center  of  the  inftrument  a 
brafs  ball  is  placed,  to  reprefent  the  fun ;  there 
Is  alfo  a  fmall  pillar,  on  the  top  of  which  are 
placed  feveral  wires,  parallel  to  each  other,  to 
reprefent  parallel  rays  proceeding  from  the  fun; 
to  each  globe  there  is  a  black  hemifphere,  pla- 
Ced  oppoftte  to  the  fun,  dividing  the  enlight¬ 
ened  from  the  unenlightened  parts  of  the  globe; 
0rie  of  thefe  black  liemifpheres  may  be  taken  off 
QcCafiona  lly,  and  the  globe  be  removed  from 
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it’s  fituation.  There  is  alio  a  circle,  which  is 
not  reprefented  in  the  plate ;  this  circle  is 
placed  at  the  height  of  the  earth’s  center,  and 
is  intended  to  reprefent  the  orbit  of  the  earth  ; 
four  pieces  of  wire  are  placed  at  the  four  quar¬ 
ters  of  this  circle,  having  the  fame  inclination 
to  it  that  the  axis  of  the  earth  has  to  the  plane 
of  it’s  orbit,  to  give  a  clear  idea  of  what  is 
meant  by  the  inclination  of  the  axis  of  the  earth, 
and  what  by  it’s  paratlelifm. 

To  explain  the  required  phaenomena  by  this 
inftrument,  the  tutor  has  only  to  aflume  two 
proportions:  i.  That  a  globular  luminous  body 
fending  out  parallel  rays,  will  only  enlighten 
one  half  of  another  globe,  and  confequently 
that  heirjifphe re  only  is  illuminated  which  is 
turned  towards  the  luminous  body.  2.  That 
the  globe  moves  round  the  luminous  body  in 
fuch  a  manner,  that  in  all  parts  of  it’s  orbit, 
it’s  axis  may  be  parallel  to  itfelf,  and  have  a 
certain  inclination  to  the  plane  of  the  orbit. 

When  the  earth  is  in  the  firft  point  of  Capri¬ 
corn,  the  fun  will  appear  in  the  firft  point  of 
Cancer;  in  this  fituation,  w  hich  is  that  of  the 
ball  A,  fig.  i,  plate  V.  the  north  pole  is  turned 
towards  the  fun,  and  that  part  of  the  globe  fitua- 
ted  within  the  ardtic  circle,  lies  wholly  in  the 
enlightened  hemifphere,  and  has  no  night; 
while  the  fouth  pole,  and  it’s  polar  circle, 

being 
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being  totally  turned  from  the  fun,  are  qu'te  in¬ 
volved  in  darknefs. 

In  this  pofition  of  the  earth,  the  inhabitants  of 
the  northern  hemifphere  will  have  their  days  at 
the  longeft,  and  their  nights  at  the  fhorteft;  and 
the  length  of  the  longeft  days  are  greater,  accord¬ 
ing  as  the  place  is  further  removed  from  the 
equator,  till  it  reaches  the  polar  circle,  from 
Whence  to  the  pole  there  is  at  this  feafon  continual 
day,  and  the  feafon  is  that  of  fummer :  while 
all  the  inhabitants  on  the  fouth  fide  of  the  equator 
will  have  their  nights  the  longeft,  and  their  days 
the  fhorteft  ;  becaufe  the  greateft  portion  of  the 
parallels  which  they  deferibe  by  the  diurnal  mo¬ 
tion  of  the  earth,  are  in  darknefs,  and  the  leaft  in 
the  light;  the  feafon  of  the  year  to  them  at  this 
brne  is  winter. 


To  render  this  fubjedl  clearer  to  the  pupil,  let 
the  tutor  now  refer  him  to  the  oppofuc  liruation 
°f  the  globe  at  C,  when  the  earth  is  in  the  firft 
Point  of  Cancer,  and  the  fun  is  feen  in  the  firft 
Point  of  Capricon.  Here  the  northern  polar  cir- 
c^e  is  all  involved  in  darknefs,  and  has  no  day  ; 
While  the  fouthern  is  entirely  within  the  light, 
and  to  the  inhabitants  thereof  there  is  no  night. 
^  is  now  winter  in  the  northern  hemifphere, 
and  the  days  are  fliorter  than  the  night;  while  in 
fouthern  hemifphere,  the  days  are  at  the 
iongeft.  jf  [he  hemifphere  be  now  removed 
fr°m  the  globe  which  is  at  Capricorn,  and  the 
H  h  4  Slobe 
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globe  itfelf  be  taken  out,  and  brought  near  to 
that  at  Cancer,  keeping  the  axis  parallel  to  it’s 
former  fituation,  the  young  mind  will  immedi¬ 
ately  perceive  how  the  beautiful  viciflitude  in  the 
feafons  is  effeded,  merely  by  the  inclination  of 
the  earth’s  axis  to  the  plane  of  it’s  orbit,  and  the 
parallelifm  of  it’s  axis  during  it’s  annual  courfe. 

When  the  globe  is  at  the  lirft  point  of  Aries, 
as  at  D,  and  the  fun  appears  to  be  in  the  firft 
point  of  Libra ;  the  circle  of  illumination 
touches  both  poles,  and  the  fun  is  vertical  to 
the  equator ;  the  axis  inclines  fideways  to  the 
fun,  fo  that  the  earth  is  enlightened  from  pole  to 
pole,  and  the  days  and  nights  are  equal  at  all 
places  of  the  earth,  and  the  feafon  is  that  of  the 
vernal  equinox. 

When  the  earth  is  at  Libra,  the  fun  appears  in 
Aries;  the  earth  is  again  enlightened  from  pole 
to  pole,  and  the  days  and  nights  are  again  every 
where  equal. 

As  there  are  24  meridian  femicircles  drawn  on 
each  of  the  globes,  all  meeting  at  their  poles, 
and  as  one  rotation  of  the  earth  on  it’s  axis  is 
performed  in  24  hours,  each  of  thefe  meridians 
is  an  hour  diftant  from  the  other  in  every  parallel 
of  latitude.  You  may,  therefore,  find  how  long 
the  day  is  at  any  place  of  the  earth,  in  either  of 
the  four  fituations,  by  counting  how  many 
thefe  meridians  are  in  the  light  in  the  parallel  0 ^ 
latitude  of  the  given  place ;  this  number  being 

fubtra#* 
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fubtraded  from  24.  hours,  will  give  the  length  of 
the  night. 

In  all  pofitions  of  the  earth,  half  the  equator 
is  always  in  the  light,  and  half  in  darknefs ; 
therefore,  at  the  equator  the  days  and  nights  arc 
all  equal. 

If  you  take  off  the  cap  of  the  globe  which  is 
moveable,  then  remove  it  from  it’s  place,  and 
hold  it  in  the  four  cardinal  fituations  in  which 
the  other  are  fixed,  but  with  the  axis  perpendi¬ 
cular  to  the  plane  of  the  ecliptic  ;  you  will  find 
that  the  feafons  would,  in  this  cafe,  have  been 
always  the  fame,  without  any  alteration,  and  the 
days  and  nights  of  the  fame  length  at  all  places, 
throughout  the  whole  year :  only  at  the  poles 
there  would  be  hardly  either  day  or  night,  the 
fun,  neither  riling  above,  nor  fetting  below  the 
horizon,  but  going  round  the  fame  continually, 
with  one  half  of  his  difc  in  view.  This  is  what 
would  really  happen,  if  the  axis  of  the  earth  did 
not  incline  to  the  plane  of  it’s  orbit. 

Description  of  the  Lunarium,  which  is 
REPRESENTED  AT  FlG.  I,  Pl.ATE  XVI. 

A  B  is  the  bafe  of  the  inftrument,  on  which 
there  are  two  circles,  one  w  ith  the  figns  of  the 

ecliptic,  the  other  with  the  days  of  the  month 

correfponding  thereto,  for  the  readier  fetting  the 
moon  or  her  nodes  to  their  refpetftive  places. 
C  D  E  F  an  inclined  brafs  plane,  G  H  IK 

another 
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another  plane  parallel  to  the  former,  and  flip- 
ported  by  two  brafspro^s ;  the  inner  edge  of  this 
ring  nearly  touches  the  artificial  moon,  and  re- 
prefents  the  plane  of  the  moon's  orbit. 

The  moon  is  fometimes  on  the  north  fide, 
and  fometimes  on  the  fouth  fide  of  the  ecliptic, 
which  is  called  her  latitude;  the  degrees  and 
parts  thereof  are  engraved  from  each  node  to 
the  higheft  and  low  eft  part  of  her  orbit,  which 
is  5  deg.  i  $  min.  on  each  fide  of  the  nodes.  The 
two  nodes  lie  in  the  plane  of  the  ecliptic,  in 
thofe  parts  of  the  moon’s  orbit  w here  the  wires 
that  fupport  it  are  fixed.  That  from  which  the 
moon  begins  to  afeend  northward,  above  the 
ecliptic,  is  called  the  afeending  dr  north  node, 
as  the  oppofite  one  from  w  hich  the  moon  def- 
cends  fouthward,  below  the  ecliptic,  is  called 
her  defeending  node.  They  always  keep  op¬ 
pofite  to  each  other,  and  move  backward 
through  all  the  figns  of  the  ecliptic,  in  about 
nineteen  years ;  on  each  fide  of  them  both  is 
engraved  a  fmall  fun  a*  i  8  degrees,  and  a  fmall 
moon  12  degrees  diftant  from  them;  thefe  are 
the  limits  of  eclipfes,  the  firfi  of  the  fun,  and 
the  other  of  the  moon.  In  ufing  this  inftru- 
ment,  the  brafs  ball  rep'refenting  the  fun,  is 
fuppofed  to  be  on  the  table, r oppofite  to  it’s 
place  in  the  ecliptic,  for  the  given  time;  and 
that  the  moon’s  nodes  are  alfo  fet  to  their  place 
in  the  ecliptic. 


If 
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If  the  moon’s  orbit  coincided  with  the  plane 
of  the  ecliptic,  there  would  be  an  eclipfe  of 
the  fun  at  every  new  moon;  becaufe  the  moon’s 
fhadow  then  palling  over  fome  parts  of  the  earth, 
would  deprive  them  of  the  fun’s  light ;  but  be¬ 
caufe  the  fun  is  a  great  luminous  body,  and 
the  moon  a  fmall  opake  one,  her  fhadow  will  be 
conical,  and  can  only  cover  a  fmall  part  of  the 
earth  at  once ;  and  therefore  there  would  be 
feveral  fuch  eclipfes  invifible,  though  at  noon 
day,  to  a  great  many  places  on  the  earth.  The 
moon  would  alfo,  every  time  flie  was  oppofite  to 
the  fun,  pafs  through  the  fhadow  of  the  earth, 
and  undergo  a  total  eclipfe  to  all  thofe  inhabi¬ 
tants  of  the  earth  to  vv  horn  it  was  vifible. 

But  as  the  lun  and  earth  are  always  in  the 
plane  of  the  ecliptic,  and  the  moon’s  orbit  is  in¬ 
clined  to  it,  and  cuts  it  only  in  the  nodes,  it  is 
plain  there  can  be  no  eclipfes,  but  when  a  right 
line  palling  through  the  nodes  would,  if  con¬ 
tinued,  run  either  through,  or  nearly  by  the  fun, 
at  the  time  of  new' or  full  moon  ;  and  from  the 
time  that  this  happens  till'  it  does  fo  again,  is 
about  1 73  days,  or  near  half  a  year,  fave  what 
allowance  is  to  be  made  of  1 8  degrees  on  either 
fide  of  the  nodes,  within  which  the  fun  may  be 
cclipfed  ;  and  of  1 2  degrees,  within  which  the 
tnoon  may  fuffer  an  eclipfe. 

The  foregoing  Tircumftances  are  rendered 
evident  to  the  fenfes  and  the  mind,  by  means  of 

the 
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the  lunarium  ;  particularly  fo,  when  a  candle,  or 
lamp,  is  fubftituted  in  the  place  of  the  brats 
fun,  fig.  2. 


OF  THE 

USE  AND  APPLICATION 


Of  THE  MOST  IMPROVED 

PLANETARIUM,  LUNARIUM, 

AND 

TELLURIAN. 

THE  defeription  of  the  preceding  inftru- 
ments  is  in  a  great  degree  applicable  to 
this  improved  planetarium  j  but  as  the  conftruc- 
tion  of  this  is  more  perfect,  and  as  it  is  alfo  more 
extenfive  in  it’s  ufe,  a  fuller  defeription 
neceflary,  which  I  give  the  more  readily,  as  the 
defeription  of  this  will  ferve,  with  very  few 
alterations,  for  the  greater  part  of  orreries,  &c. 
The  explanation  of  the  inftrument  will  enabl  e 
us  to  render  fome  articles  plainer,  and  to  treat 
others  more  fully,  while  thofe  who  have  not 
thoroughly  comprehended  what  has  been  al- 
6  ready 


OF  PLANF.TARIUMS,  &C.  493 

ready  faid  may  gain  more  perfect  ideas  of  the 
fubjedt. 

It  feems  highly  provable,  that  the  ancients 
w  ere  not  unacquainted  with  planetary  machines, 
and  that  the  fame  powers  of  genius  which  led 
them  to  contemplate  and  reafon  upon  the 
motion  of  the  heavenly  bodies,  induced  them  to 
realize  their  ideas,  and  form  inflruments  for  ex¬ 
plaining  them ;  and  we  may  fairly  prefume, 
that  thefe  were  carried  to  no  fmall  degree  of 
perfection,  when  we  confider  that  of  one  Archi¬ 
medes  was  the  maker,  and  Cicero  theenco- 
miafh 

The  inftrument  now'  to  be  deferibed,  was  in¬ 
vented  by  the  celebrated  Huygens  ;  though 
lince  his  time  it  has  been  aferibed  to  almoft  as 
many  inventors  as  makers ;  each  deviation  in 
form,  the  mounting  it  in  this  mode  or  the  other, 
the  addition  of  a  zodiac,  or  fome  fuch  flight 
changes,  have  been  deemed  by  many  of  fufficient 
importance  to  give  them  a  claim  to  the  title  of 
inventors  ; — be  it  fo.  Let  the  friend  of  fcience 
encourage  every  humble  effort  to  improve  it,, 
and  let  him  bellow'  a  name  which,  though  it 
may  in  fome  meafure  gratify  vanity,  yet  incites 
to  labour,  rather  than  by  contempt  check  the 
ardour,  or  difeourage  the  talents  which,  w  hen 
called  forth,  may  be  of  the  greateft  fervice  to 
fociety. 

Descrip- 


494  DESCRIPTION  AND  USE 


Description  of  the  Pi.anetariums. 

Flg*  l>  plate  XVJIi  reprefeiits  the  planeta¬ 
rium,  the  box  in  which  the  wheel-work  is 
contained  that  moves  the  fix  primary  planets 
round  the  brafs  ball  that  reprefents  the  fun,  in 
their  proper  periods  of  time,  this  motion  being 
communicated  to  them  by  turning  the  handle. 

On  the  upper  plate  of  the  planetarium,  there 
are  placed  in  two  oppofitc  dries,  correfponding 
to  each  other,  the  figns  of  the  ecliptic,  and  the 
days  of  the  month,  by  means  whereof  the  planets 
may  be  eafily  fet  to  their  mean  places  in  the 
ecliptic  for  any  day  in  the  year.  Through  the 
center  of  the  plate  there  palfcs  a  ftrong  ftem,  on 
which  the  brafs  ball  ©  is  placed,  which  repre¬ 
fents  the  fun ;  round  the  item  are  the  different 
fockets,  which  carry  the  arms,  by  which  the 
balls  representing  the  planets  are  fupported. 

T  he  planets  are  ivory  balls,  having  the  hemi- 
fphere  which  is  next  the  fun  white,  the  other 
black,  to  exhibit  their  refpedive  phafes  to  each 
oth^r.  The  planets  may  be  eafily  put  on  or 
taken  off  their  fockets,  as  occafion  requires. 
About  the  primary  planets  are  placed  the  fe- 
condary  planets,  or  moons,  which  are  in  this 
inftrument  only  moveable  by  hand;  but  when 
the  inftrument  is  fitted  upon  a  large  fcale,  and 
in  a  more  expenfive  form,  even  thefe  are  put  in 
motion  by  the  wheel-work* 

The 
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The  planets  are  difpofed  in  the  following 
order:  in  the  center  is  the  brafs  ball  ©  to  re- 
prefent  the  fun,  then  Mercury  Venus 
the  earth  ©,  Mars  Jupiter  and  Saturn 

;  the  Georgium  Sidus  is  not  inferted,  becauffi 
it  would  not  only  enhance  the  expence,  but  it’s 
motion  would  be  fo  flow,  as  to  render  it  incapable 
of  affording  either  amufcmcnt  or  inftrudiom. 
By  turning  the  handles,  the  planets  move  about 
the  fun  from  weft  to  eaft,  with  the  fame  relative 
velocities  and  periodical  times  that  they  have  in 
the  heavens. 

When  the  pupil  has  been  gratified  by  putting 
the  iriftrument  in  motion,  and  making  his  own 
obfervations  on  thofe  motions,  it  will  be  prope* 
to  acquaint  him  with  the  names  of  the  different 
planets,  and  of  their  divilion  into  primary  and 
fecondary,  to  fhew  him  how  they  were  fir  ft 
diftinguifhed  from  the  fixed  ftars,  and  how  the 
length  of  their  periodic  revolution  was  difeo- 
vercdL  Here  it  will  be  proper  to  obferve,  that 
the.  annual  motion  of  the  earth,  or  the  time  it 
takes  to  perform  it’s  period  round  the  fun,  is 
made tiie  bails  to  which  the  others  are  compared; 
and  this  is  one  of  the  reafons  why  the  months, 
and  days  of  our  months,  are  engraved  on  the 
circle.  Having  obferved  this,  the  planets  may 
be  put  in  motion,  and  they  will  be  found  to  re¬ 
volve  round  the  reprefen  tative  of  the  fun  in  their 
proportionable  times,  each  planet  always  com¬ 
pleting 
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plcting  it’s  revolution  in  the  fame  fpace  of  time, 
in  periods  regulated  and  proportioned  to  their 
diftance  from  the  fun :  the  curves  which  they 
deferibe  in  their  revolution,  is  what  is  termed 
their  orbit. 

Of  the  Distances  of  tiie  Planets. 

When  we  endeavour  to  form  any  idea  of  dif- 
tance,  magnitude,  or  duration,  by  numbers  only, 
we  fo  foon  exceed  the  limits  of  conception,  that 
we  find  our  faculties  of  reafoning  as  finite  as 
our  fenfes.  Hence  aftronomers  are  frequently 
obliged  to  have  recourfe  to  mixed  ideas,  and 
make  things  of  different  natures  and  properties 
aflift  each  other,  to  excite  more  adequate  ideas 
of  what  they  would  have  expreifed.  Thus, 

In  order  to  affift  the  imagination  in  forming  an 
idea  of  the  valf  diftances  of  the  planets  from  the 
fun,  the  following  fuppofitions  have  been  made: 
That  if  a  body  projected  from  the  fun,  fhould 
fly  with  the  fwiftnefs  of  a  cannon  ball,  that  is, 
480  miles  every  hour,  this  body  would  reach  the 
orbit  of  Mercury  in  about  8  years,  276  days;  of 
Venus  in  16  years,  136  days;  of  the  earth  in  22 
years,  226  days;  of  Mars  in  34  years,  170  days; 
of  Jupiter  in  1 ;  7  years,  234  days ;  and  the  orbit 
of  Saturn  in  215  years,  286  days. 

If  the  reader  fhould  think  this  idea  too  exten¬ 
sive,  he  may  contract  it  in  the  following  man¬ 
ner,  in  which  the  proportional  bulks  and 

diftances 
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cli fiances  of  the  fun  and  planets  are  confi- 
dered. 

The  dome  of  St.  Paul’s  is  145  feet  in  diameter. 
Suppofe  a  globe  of  this  fize  to  rcprefent  the  fun, 
then  a  globe  of  9  inches  will  reprefent  Mer¬ 
cury;  one  of  17  ^  inches  Venus;  one  of  18 
inches  the  earth ;  one  of  5  inches  diameter  the 
moon;  one  of  10  inches  Mars;  one  of  15  feet 
Jupiter;  one  of  1 1  {  Saturn,  with  his  ring  4  feet 
broad,  and  at  the  fame  diftance  from  his  body 
all  around. 

In  this  proportion,  fuppofe  the  fun  to  be  at 
St.  Paul’s,  Mercury  might  beat  the  Tower  of 
London,  Venus  at  St.  James’s  palace,  the  earth 
at  Mary-Ie-bone,  Jupiter  at  Hampton-Court, 
*nd  Saturn  at  Cliefden. 

explain,  by  the  Planetarium,  why  the 
Sun,  being  a  fixed  Body,  appears  to  pass 
through  all  the  Signs  of  the  Zodiac  in 
twelve  Months,  or  one  Year.  It  will 
shew  that  this  Phenomenon  is  occasioned 
the  annual  Motion  of  the  Earth. 

As  the  general  phtenomena  of  the  planetary 
)  ftem  will  be  beft  underftood  by  an  induction 
Particulars,  *  ihould  advife  the  tutor  to  re- 
j  °Ve  a11  the  planets  but  thofe  whofe  motion  he 
,Sg0lng  to  explain;  for  inftance,  let  him  now 
jCaVe  onIy  the  earth  and  fun,  place  the  earth  over 
'I8Ra>  and  it  is  plain  that  the  fun  will  then  be 
]  j  transferred 
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transferred  by  the  eye  of  the  fpeCfator  to  Aries,. 
in  which  iign  it  will  appear  at  the  latter  end  of 
March:  move  the  earth  on  in  it’s orbit  to  Capri- 
cornus,  and  the  fun  will  appear  at  Cancer  in  June, 
fceming  to  have  moved  from  7"  to  25,  though  it 
l*as  not  ftirred,  the  xeal  motion  of  the  earth 
having  caufed  the  fpeftator  to  transfer  the  fun  to 
all  the  intermediate  points  in  the  heavens,  and 
thus  given  it  an  apparent  motion.  Continue  to= 
move  the  earth  till  it  arrives  at  Aries,  and  the 
fun  will  be  feen  in  Libra  in  the  month  of  Sep¬ 
tember  :  moving  the  earth  on  to  Cancer,  the 
vifual  ray  of  the  fpe&ator  refers;  the  Cun  to  Ca¬ 
pricorn,  as  it  appears  in  the  month  of  December. 
LaftLy,  continue  moving  the  earth,  and  it  will 
arrive  at  Aries,  where  we  fet  out.  Thus  we  have 
thewn  that  it  is  the  motion  of  the  earth  w  hich 
caufcs  the  fun  to  appear  in  all  the  different  figna 
of  the  zodiac.  Cuftom,  indeed,  has  taught  us  to 
fay  the  sun  is  in  Aries,  when  it  is  between  us- 
and  Ariesj  and  fo  of  any  other  fign;  whereas  ib 
would  have  been  more  proper  to  fay,  that  the 
earth  is  in  Libra. 


To  lliew  why  at  different  times  of  the  year  wc 
.  fee  the  heavens  decorated  with  an  entire  dif' 
ferent  collection  of  ftars. 

This  phenomenon  is  occafioned  by  the  earth'* 
progreffive  or  annual  motion ;  while  the  earth  & 
traverfing  his  courfe  under  the  vaft  concave  l)| 
* 
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fiwd  ftars,  we  are  gradually  carried  under  the 
different  conftellations.  From  hence  it  is  evi¬ 
dent,  that  at  night  when  the  earth  is  turned  from 
lhc  fun,  we  fhall  in  fuccefiion  have  the  oppor¬ 
tunity  of  viewing  from  time  to  time  all  the  ftars 
the  zodiac,  and  confequently  a  different  con¬ 
gelation  will  prefent  itfelf  every  month. 

I  hus,  the  Pleiades  are  not  vifible  in  the  fum- 


^er;  but  in  the  winter  the  earth  is  got  between 

the  fim  and  them.  Thefe  ffars  are  obfervable 

Uight,  bccaufe  they  are  not  intercepted  from 

°ur  fight  by  the  fun’s  rays;  and  in  this  manner 

*hcy  appear  during  the  whole  winter,  only  they 

Cem  to  Set  niore  wefterly  every  night,  as  the 

e*rth  moves  gradually  by  them  to  the  eaft.  To 

^ake  this  ftill  more  clear,  place  the  earth  in  the 

Panetaa-ium  between  the  fun  and  any  of  thefigns, 

at  ^de  towards  the  fun  will  be  day,  and  that 

°"ards  the  fign  night:  it  follows,  that  at  night 

arc  turned  towards  the  ftars,  which  in  that 

(hppofe,  as  before,  the  Pleiades  in  Taurus) 

1 1  then  be  confpicuous  to  us;  but  as  the  fpring 

^Juoachcs,  the  earth  withdraws  itfelf  from  be- 

lh  CL‘n  the  fun  and  ^e  Pleiades,  till  at  length 

earth,  by  it’s  progreftive  motion,  gets  the  fun 

tween  it  and  the  ftars,  which  then  lie  hid  be- 
-.1  ^  . 


hj  ,  ***““>  "*«'-**  tuen  ilc  mu  LM-- 

t}l  d  the  fohr  rays :  after  the  fame  manner,  while 
,,Car*  performs  his  annual  tratft,  the  fun, 
^  *ch  always  feems  to  move  the  contrary  way, 
'ens,  by  his  fplendor,  the  other  conftellations 
I  i  2  fucceftivcly. 
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fucceflively ;  but  the  ftars  oppofite  to  thofe  hid 
by  the  fun,  are  at  night  prefented  to  our  view. 

General  Phenomena  of  the  Planets. 

Let  the  tutor  now  place  the  earth.  Mars,  and 
Venus,  on  the  planetarium,  and  as  each  planet 
moves  with  a  different  degree  of  velocity,  the/ 
are  continually  changing  their  relative  portions* 
Thus  on  turning  the  handle  of  the  machine,  he 
will  find,  i  ft,  that  the  earth  moves  twice  as  faft 
as  Mars,  making  two  revolutions  while  he 
makes  one;  and  Venus,  on  the  other  hand* 
moves  much  fafter  than  the  earth.  Secondly* 
that  in  each  revolution  of  the  earth  thefe  pla' 
nets  continually  change  their  relative  pofitions* 
correfponding  fometimes  with  the  fame  point 
of  the  ecliptic,  but  much  oftener  with  different 
points. 

To  explain  the  Conjunction,  Opposition 
Elongation,  and  other  Phenomena 
the  inferior  Planets. 

We  may  now  proceed  to  make  fome  obferv*' 
tions  on  the  motions  of  Venus,  as  obferved 
the  planetarium.  If  confidercd  as  viewed  ft0*** 
the  fun,  we  fhall  find  that  Venus  would  appe^ 
at  one  time  nearer  to  the  earth  than  at  another 
that  fometimes  ihe  would  appear  in  the  f^C 
part  of  the  heavens,  and  at  others  in  opp0*1 
parts  thereof.  » $ 
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As  the  planets,  when  feen  from  the  fun, 
change  their  polition  with  refpcct  to  the  earth, 
**°  do  they  alfo,  when  feen  from  the  earth, 
change  their  polition  with  refpect  to  the  fbn, 
being  fometimes  nearer  to,  at  others  farther 
r°m»  and  at  times  in  conjunction  with  him. 

But  the  conjunctions  of  Venus  or  Mercury, 
een  from  the  earth,  not  only  happen  when  they 
are  feen  together  from  the  fun,  but  alfo  when 
fbcy  appear  to  be  inoppofition  to  the  folar  fpec- 
^tQr.  To  illuftrate  this,  bring  the  earth  and 
enus  to  the  firft  point  of  Capricorn ;  then  by 
applying  a  firing  from  the  fun  over  Venus  and 
lhe  earth,  you  will  find  them  to  be  in  conjunct 
tl°n,  or  on  the  fame  point  of  the  ecliptic. 
Whereas  if  you  turn  the  handle  till  the  fun  is 
tween  Venus  and  the  earth,  a  fpcctator  in  the 
^  n  Will  fee  Venus  and  the  earth  in  opposition ; 

.  Ut  an  inhabitant  of  the  earth  will  fee  Venus  not 
111  °ppolition  to  the  fun,  but  in  conjunction 
Mth  him, 

In  the  firft  conjunction  Venus  is  between  the 
Ju*  and  earth;  this  is  called  the  inferior  con- 
^  In  the  fecond,  the/un  isfituated  be- 
fu^  the  earth  and  Venus;  this  is  called  the 
Pcrior  conjunction. 

be^tere^ber  of  thefe  conjunctions,  Venus  will 
de  Cen  to  reccc^e  daily  from  the  fun,  but  never 
jn  art^ng  beyond  certain  bounds,  never  appear- 
*  °Ppofite  to  the  fun;  and  when  fhe  is  feen  at 


502  DESCRIPTION  AND  USE 

the  grcateft  diftance  from  him,  a  line  joining 
her  center  with  the  center  of  the  earth,  will  b? 
a  tangent;  to  jthe  orjnt  of  Venus. 

To  illuftrate  this,  take  off  the  fun  from  it’s 
fupport,  and  the  ball  of  Venus  from  it’s  fuppof  ting 
Hem;  place  the  wire,  fig,  2,  plate  XVII.  fa 
that  the  part  P  may  be  oh  the  Item  that  fupport* 
the  earth,  and  a  fimilar  focket,  fig.  3,  on  the  pi*1 
which  fupports  the  ball  of  Venus ;  the  wire  F  is  to 
lie  in  a  notch  at  the  top  of  the  focket,  which  ha* 
b.een  put  upon  the  fupporting  ftem  of  Venus* 
then  will  the  wire  reprefent  a  vifual  ray  going 
from  an  inhabitant  of  the  earth  to  Venus.  Fjf 
turning  the  handle,  you  will  now  find  that  tbe 
planet  never  departs  further  than  certain  limb5 
from  the  fun,  which  are  called  it’s  greatefi  elon¬ 
gations,  when  the  w  ire  becomes  a  tangent  to  tbe 
orbit;  after  which,  it  approaches  the  fun, 
arrives  at  either  the  inferior  or  fuperior  c ofl* 
jim&ion. 

It  will  alfo  be  evident  from  the  infi 
that  Venus,  from  her  fuperior  conjunction,  w'b^ 
Ihe  is  furtheft  from  the  earth,  to  the  time  of  ^ 
inferior  conjunction,  when  Ihe  is  nearqft,  far* 
later  than  the  fun,  is,  feen  after  funTet,  and  lS> 
as  it  were,  the  forerunner  of  night  and  darkne^' 
But  from  the  inferior  conjunction,  till  Ihe  cof11^ 
to  the  fuperior  one,  (he  is  always  feen  weft  wal'd  0 
the  fun,  and  mud  confequcntly  fet  before  kirft  ^ 
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evening,  rnd  rife  before  him  in  the  morning, 
foretelling  that  light  and  day  are  at  hand. 

Bring  Venus  and  the  earth  to  the  beginning  of 
Aries,  when  they  will  be  in  conjunction  ;  and 
.riirn  the  handle  for  nearly  225  days,  and  as  Venus 
^oves  faftcr  than  the  earth,  {he  will  be  come  to 
Aries,  and  have  finilhed  her  courfc,  but  will  not 
have  overtaken  the  earth,  who  has  moved  on  in 
*he  mean  time  ;  and  Venus  muft  go  on  for  fome 
llrrie>  in  order  to  overtake  her.  Therefore,  if 
^enus  fhould  be  this  day  in  conjunction  with  the 
*i*n,  in  the  inferior  part  of  her  orbit,  fhe  will  not 
Come  again  to  the  fame  conjunction  till  after  1 
year,  7  months,  and  1 2  days. 

It  is  alfo  plain,  by  infpe&ion  of  the  planeta¬ 
rium,  that  though  Venus  does  always  keep  nearly 
tlle  famc  diflance  from  the  fun,  yet  ihe  is  con¬ 
tinually  changing  her  diftance  from  the  earth;  her 
‘fiance  is  greateft  when  Hie  is  in  her  fuperior, 
*nd  leaft  when  {lie  is  in  her  inferior  conjunction. 

•j* 

0 Explain  the  Phases,  the  retrograde,  di¬ 
rect,  AND  STATIONARY  SITUATIONS  OF  THE 

Planets. 


k  s  ^enus  is  an  opake  globe,  and  only  fhincs 
y  the  light  {he  receives  from  the  fun,  that  face 
h  .,ch  is  turned  towards  the  fun  will  always  be 
'Sht,  while  the  oppofite  one  will  be  in  dark¬ 
^  »  coniequently,  if  the  fituation  of  the  earth 
c  fuch,  that  the  dark  fide  of  Venus  be  turned 
I  i  4  towards 
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towards  us,  Ihe  will  then  be  invifible,  except  fhe 
appear  like  a  fpot  on  the  difk  of  the  fun.  If  her 
whole  illuminated  face  is  turned  towards  the 
earth,  as  it  is  in  her  fuperior  conjunftion,  fhe 
appears  of  a  circular  form,  and  according  to  the 
different  pofitions  of  the  earth  and  Venus,  fhe 
will  have  different  forms,  and  appear  with 
different  phafes,  undergoing  the  fame  changes  of 
form  as  the  moon.  Thefe  different  phafes  are 
feen  very  plain  in  this  inftrument,  as  the  fide  of 
the  planet  which  is  oppofite  to  the  fun,  is  black¬ 
ened;  fo  that  in  any  pofition,  a  line  drawn  from 
the  earth  to  the  planer,  will  reprefent  that  part 
of  her  difk  which  5s  vifible  to  us. 

The  irregularities  in  the  apparent  motions  of 
the  planets,  is  a  fubjedt  that  this  inftrument  will 
fully  elucidate;  and  the  pupil  will  find  that  they 
are  only  apparent,  taking  their  rife  from  the  fix¬ 
ation  and  motion  of  the  obferver.  To  illuftrate 
this,  let  us  fuppofe  the  above-mentioned  wire, 
when  connedted  with  Venus  and  the  earth  ;  to 
be  the  vifual  ray  of  an  obferver  on  the  earth,  * 
will  then  point  out  how  the  motions  of  VenUs 
appear  in  the  heavens,  and  the  path  fhe  appears 
to  us  to  deferibe  among  the  fixed  ftars. 

Let  Venus  be  placed  near  her  fuperior  con¬ 
junction,  and  the  inftrument  in  motion,  the  wi^ 
will  mark  out  the  apparent  motion  of  Venus  i*1 
the  ecliptic.  1  hus  Venus  will  appear  to  move 
$aftward  in  the  ecliptic,  till  the  wire  becomes  * 
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tangent  to  the  orbit  of  Venus,  in  which  lituation 
Ihe  will  appear  to  us  to  be  ftationary,  or  not  to  ad¬ 
vance  at  all  among  the  fixed  ftars ;  a  circumftancc 
which  is  exceeding  vilible  and  clear  upon  the 
planetarium. 

Continue  turning,  till  Venus  be  in  her  fuperlor 
conjunction,  and  you  will  find  by  the  wire,  or 
vifual  ray,  that  Ihe  now  appears  to  move  back¬ 
ward  in  the  ecliptic,  or  from  caft  to  weft,  till 
Ihe  is  arrived  to  that  part  where  the  vifual  ray 
again  becomes  a  tangent  to  her  orbit.  In  which 
pofition,  Venus  will  again  appear  ftationary  for 
fome  time;  after  which,  fhe  will  commence  anew 
her  diredl  motion. 

Hence,  when  Venus  is  in  the  fuperior  part  of 
her  orbit,  fhe  is  always  feen  to  move  diredtly, 
according  to  the  order  of  the  figns ;  but  w  hen 
hie  is  in  the  inferior  part,  fhe  appears  to  move 
in  a  contrary  direction. 

What  has  been  faid  concerning  the  motions  of 
Venus,  is  applicable  to  thofe  of  Mercury ;  but 
the  conjunctions  of  Mercury  with  the  fun,  as 
Well  as  the  times  of  his  being  diredt  ftationary 
or  retrograde,  are  more  frequent  than  thofe  of 
Venus. 

Of  the  superior  Planets,  as  seen  from  the 
Earth. 

If  the  tutor  wifhes  to  extend  his  obfervations 
on  the  inftrument  to  Mars,  he  will  find  by  the 
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vifual  ray,  that  Mars,  when  in  conjunction,  and 
when  in  oppofition,  will  appear  in  the  fame 
pomt  of  the  ecliptic,  whether  it  is  feen  from  the 
fun  or  the  earth;  and  in  this  fituation  only  is  it’s 
real  and  apparent  place  the  fame,  becaufe  then 
only  the  ray  proceeds  as  if  it  came  fgom  the 
Center  of  the  univerfe. 

He  will  obferve,  that  the  direct  motion  of  the 
Superior  planets  is  fwifter  the  nearer  it  is  to  the 
conjunction,  and  flower  when  it  is  nearer  to 
quadrature  with  the  fun ;  but  that  the  retrograde 
motion  of  a  fuperior  planet  is  fwifter  the  nearer 
k  is  to  oppofition,  and  flower  the  nearer  it  is  to 
quadrature;  but  at  the  time  of  change  from 
direct  to  retrograde,  it’s  motion  becomes  infen- 
fifcrfe. 

To  PROVE  BY  THE  PLANETARIUM  THE  TRUTH 
OF  THE  COPERNICAN,  AND  ABSURDITY  OF  THB 

Ptolemaic  System. 

Of  all  the  prejudices  which  philofophy  con- 
tradidbs,  there  is  none  fo  general  as  that  the  earth 
keeps  it’s  place  unmoved.  This  opinion  feems 
u>  be  univerial,  till  it  is  corrected  by  inftrudtion, 
or  by  philofophical  fpeculatipn.  Thofe  who 
have  any  tinrture  of  education,  arc  not  now  in 
danger  of  being  held  by  it,  but  yet  they  find  at 
firft  a  rcludance  to  believe  that  there  are  anti¬ 
podes,  that  the  earth  is  fpherical,  and  turns 
round,  it’s  axis  every  day,  and  round  the  fun 

every 
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every  year.  They  can  recolledt  the  time  when 
rcafon  ftruggled  with  prejudice  upon  thefe points, 
and  prevailed  at  length,  but  not  without  fome 
efforts.* 

The  planetarium  gives  ocular  demonftration 
of  the  motion  of  the  earth  about  the  fun,  by 
lhewing  that  it  is  thus  only  that  the  celeftial 
phenomena  can  be  explained,  and  making  the 
abfurdity  of  the  Ptolemaic  fyftem  evident  to  the 
fenfes  of  young  people.  For  this  purpofe,  take 
off  the  brafs  ball  which  reprefents  the  fun,  and 
put  on  the  fmall  ivory  ball  which  accompanies 
the  inftrument  in  it’s  place,  to  reprefent  the 
earth,  and  place  a  fmall  brafs  ball  for  the  fun, 
on  that  arm  which  carries  the  earth. 

The  inftrument  in  this  ftate  will  give  an  idea 
of  the  Ptolemaic  fyftem,  with  the  earth  immove¬ 
able  in  the  center,  and  the  heavenly  bodies  re¬ 
volving  about  in  the  following  order:  Mercury, 
Venus,  the  sun.  Mars,  Jupiter,  and  Saturn. 
Now  in  this  difpofition  of  the  planets,  fcveral 
circumftances  are  to  be  obferved,  that  are  con¬ 
trary  to  the  real  appearances  of  the  celeftial 
motions,  and  which  therefore  prove  the  fallity 
of  this  fyftem. 

It  will  appear  from  the  inftrument,  that  on 
this  hypothefts  Mercury  and  Venus  could  never 
be  feen  to  go  behind  the  fun,  from  the  earth, 

btcaufe 

*  Reid’s  Effays  on  tl»  InteUeftual  Towers  of  Man. 
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becaufe  the  orbits  of  both  of  them  are  contained 
between  the  fun  and  the  earth;  but  thefe  pla¬ 
nets  are  feen  to  go  as  often  behind  the  fun  as 
before  it;  we  may,  therefore,  from  hence  con¬ 
clude,  that  this  fyftem  is  erroneous. 

It  is  alfo  apparent  in  the  planetarium,  that  on 
this  fcheme  thefe  planets  might  be  feen  in  con¬ 
junction  with,  or  in  oppofition  to  the  fun,  or  at 
any  diftance  from  it.  But  this  is  contrary  to 
experience;  for  they  arc  never  feen  in  oppofition 
to  the  fun,  or  on  the  meridian  of  London,  for 
inftance,  at  midnight,  nor  ever  recede  from  it 
beyond  certain  limits. 

Again,  on  the  Ptolemaic  fyftem  all  the  planets 
would  be  at  an  equal  diftance  from  the  earth,  in 
all  parts  of  their  orbits,  and  would  therefore 
neceflarily  appear  always  of  the  fame  magni¬ 
tude,  and  moving  with  equal  and  uniform  ve¬ 
locities  in  one  direction ;  circumftances  which 
are  known  to  be  repugnant  to  obfervation  and 
experience. 

To  redti fy  the  planetarium,  or  place  the  planets 
in  their  true  iituations,  as  feen  from  the 
fun. 

The  fituations  of  the  planets  in  the  heavens 
arc  accurately  calculated  by  aftronomers,  and 
published  in  almanacks  appropriated  to  the  pur- 
pofe,  as  the  nautical  almanack.  White’s  ephe- 
meris,  &c.  An  ephemeris  is  a  diary  or  daily 
6  regifter 
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regifter  of  the  motions  and  places  of  the  hea¬ 
venly  bodies,  Ihcwing  the  fituation  of  each 
planet  at  1 2  o’clock  each  day.  Thefe  fituations 
it  exhibits  both  as  feen  from  the  fun,  or  from 
the  earth;  but  as  the  former  or  the  heliocentric 
is  the  only  one  of  any  ufe  for  this  purpofe,  we 
fhall  here  infert,  and  explain,  fo  much  of  that 
part  of  Mr.  White’s  ephemeris,  as  w  ill  enable 
the  pupil  to  redlify  his  planetarium. 


In  the  foregoing  table  for  May,  1790,  you 
have  the  heliocentric  places  calculated  to  every 
fix  days  of  the  month,  which  is  fufficicntly  accu¬ 
rate  for  general  purpofes.  Thus  on  the  19th, 
you  have  Saturn  in  28°  1 1'  of  Pifces,  Jupiter  3 
37'  of  Virgo,  Mars  in  50  20'  of  Libra,  the  earth 
28°  36'  of  Virgo.  Venus  70  7'  of  Capricorn,  and 
Mercury  40  13' of  Virgo,  to  which  places  on  the 


ecliptic  of  the  planetarium,  the  feveral  planets 
arc  to  be  fet,  and  they  will  then  exhibit  their  real 
fituations,  both  u'ith  refped  to  the  fun  and  the 
earth  for  that  day. 


To 
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To  use  the  Instrument  as  a  Tellurian, 
Plate  XVIII.  Fig.  i. 

The  fun,  the  earth,  and  the  moon,  are  bodies, 
which,  from  our  connexion  with  them,  are  fo 
interefting  to  us,  that  it  is  ncccflary  to  enter  into 
a  minute  dctail  of  their  refpedtive  phenomena. 
To  render  this  inftrumenta  teilurian,  all  the  pla¬ 
nets  are  firft  to  be  taken  off,  the  piece  of  wheel- 
"  ork  A  B  is  to  be  placed  on  in  their  Head,  in 
fuch  a  manner,  that  the  wheel  c  may  fall  into 
the  teeth  that  are  cut  upon  the  edge  of  the  eclip¬ 
tic.  The  milled  nut  D  is  then  to  be  ferewed  on, 
to  keep  the  wheel-work  firmly  in  it’s  place.  It 
is  belt  to  place  this  wheel-work  in  fuch  a  man¬ 
ner,  that  the  index  E  may  point  to  the  21ft  of 
June,  and  then  to  move  the  globe,  fo  that  the 
north  pole  may  be  turned  towards  the  fun. 

The  inftrument  will  then  fliew,  in  an  ac¬ 
curate  and  clear  manner,  all  the  phenomena 
armng  from  the  annual  and  diurnal  motion  of 
the  earth  ;  as  the  globe  is  of  3  inches  diame  er, 
all  the  continents,  feas,  kingdoms,  &c.  may  be 
diftinctly  feen ;  the  equator,  the  ecliptic,  tropics, 
and  other  circles,  are  very  vifible,  fo  that  the 
problems  relative  to  peculiar  places,  may  be 
fatufactonly  folved.  The  axis  of  the  earth  is  in¬ 
clined  to  the  ecliptic  in  an  angle  of  66*  degrees, 
and  preferves  it's  parallel, fm  during  the  whole 

of 
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of  it’s  revolution.  About  the  globe  there  is  a 
circle,  to  reprefent  the  terminator,  or  boun¬ 
dary  between  light  and  darknefs,  dividing  the 
enlightened  from  the  dark  hemifphere.  At 
N  O  is  an  hour  circle,  to  determine  the  time  of 
fun  rifmg  or  fetting. 

The  brafs  index  G  reprefents  a  central  folar 
tay  ;  it  ferves  to  ftiew  when  it  is  noon,  or  w  hen 
the  fun  is  upon  the  meridian  at  any  given  place; 
it  alfo  ihews  what  lign  and  degree  of  the  ecliptic 
on  the  globe  the  fun  deferibes  on  any  day,  and 
the  parallel  it  deferibes. 

The  plane  of  the  terminator  H  I  pafies 
through  the  center  of  the  earth,  and  is  perpen¬ 
dicular  to  the  central  folar  ray.  The  index  E 
points  out  the  fun’s  place  in  the  ecliptic  of  the 
tnftrument  for  any  given  day  in  the  year. 

^  o  explain  the  changes  of  fcafons  by  the 
tellurian. 

The  firft  thing  to  be  done,  is  to  rectify  the 
tellurian;  or  in  other  words,  to  put  the  globe 
into  a  pofition  fimilar  to  that  of  the  earth,  for 
any  given  day.  Thus  to  retftify  the  tellurian  for 
the  2 1  ft  of  June,  turn  the  handle  till  the  annual 
index  comes  to  the  given  day ;  then  move  the 
globe  by  the  arm  K  L,  fo  that  the  north  pole 
may  be  turned  towards  the  fun ;  and  adjuft  the 
terminator,  fo  that  it  may  juft  touch  the  edge  of 
arftic  circle.  The  globe  is  then  in  the  fitua- 
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tion  of  the  earth  for  the  longeft  day  in  our  north¬ 
ern  hemifphere,  the  annual  index  pointing  to  the 
firft  point  of  Cancer  and  the  21ft  of  June  ;  bring 
the  meridian  of  London  to  coincide  with  theccn- 
tral  folar  ray,  and  move  the  hour  circle  N  O,  till 
the  index  L  points  to  XII;  we  then  have  thefitu- 
ation  of  London  with  refpe&to  the  longeft  day. 

Now  on  gently  turning  the  handle  of  the 
machine,  the  point  reprefenting  London  will* 
by  the  rotation  «f  the  earth,  be  carried  away 
towards  the  eaft,  while  the  fun  feems  to  move 
weft  ward ;  and  when  London  has  arrived  at  the 
eaftern  part  of  the  terminator,  the  index  Vill 
point  on  the  hour  circle  the  time  of  fun-fetting 
for  that  day ;  continue  to  turn  on,  and  London 
will  move  in  the  fhaded  part  of  the  earth,  on  the 
other  fide  of  the  terminator ;  when  the  index  is 
again  at  XII,  it  is  midnight  at  London;  by 
moving  on,  London  w  ill  emerge  from  the  w  eft- 
ern  fide  of  the  terminator,  and  the  index  will 
point  out  the  time  of  fun-riling,  the  fun  at  that 
inftant  appearing  to  rife  above  the  horizon  in  the 
eaft,  to  an  inhabitant  of  London. 

It  will  be  evident  by  the  inftrument,  while  h1 
this  polition,  that  the  central  folar  ray,  during 
the  whole  revolution  of  the  earth  on  it’s  axis* 
only  points  to  the  tropic  of  Cancer,  and  that  the 
fun  is  vertical  to  no  other  part  of  the  earth,  but 
thofe  who  are  under  this  tropic. 

,  By  obferving  how  the  terminator  cuts  the 
veral  parallels  of  the  globe,  we  fhall  find  that  all 

th  oft 
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^ofe  between  the  northern  and  fouthern  polar 
circles  (except  the  equator)  are  divided  unequally 
mt0  diurnal  and  no&urnal  arches,  the  former 
being  greateft  on  the  north  fide  of  the  equator, 
aud  the  latter  on  the  fouth  lide  of  it. 

In  this  pofition,  the  northern  polar  circle  is 
wholly  on  that  lide  the  terminator  which  is  near- 
the  fun,  and  therefore  altogether  in  the  en- 
■ghtened  hemifphere,  and  the  inhabitants  thereof 
enjoy  a  continual  day.  In  the  fame  manner,  the 
^habitants  of  the  fouthern  polar  circle  continue 
^n  the  dark  at  this  time,  notwithdanding  the 
uiurnal  revolution  of  the  earth;  it  is  the  annual 
potion  only  which  can  relieve  them  from  this 
uuation  of  perpetual  darknefs,  and  bring  to 
j.  em  bleflings  of  day,  and  the  enjoyments  of 
Urnmcr;  while  in  this  date  the  inhabitants  in 
^Qrth  latitude  are  neared  to  the  central  folar  ray, 
^nd  confequently  to  the  fun's  perpendicular 
earn s»  and  of  courfe  a  greater  number  of  his 
fays  wil1  falI  upon  any  given  place,  than  at  any 
^hcr  time;  the  fun’s  rays  do  now  alfo  pafs 
t  r°ugh  a  lefs  quantity  of  the  atmofphere,  which, 
^gether  with  the  length  of  the  day,  and  the 
c^°rtnefs  of  the  night,  are  the  reafons  of  the  in- 
°fheat  in  fummer,  together  with  all  it’s 
h"r  delightful  effeds. 

hue  the  earth  continues  to  turn  round  on 

*t  5  0 

v  Wn  axis  once  a  day,  it  is  continually  ad- 
ncing  from  wed  to  ead,  according  to  the 
K  k  order 
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order  of  the  figns,  as  is  feen  by  the  progrefs  of 
the  annual  index  E,  which  points  fuccefiivcly  to 
all  the  ligns  and  degrees  of  the  ecliptic  ;  the  fun 
in  the  mean  time  fcems  to  defcribe  the  ecliptic 
alfo,  going  from  weft  to  eaft,  at  the  diftance  of 
fix  figns  from  the  earth  ;  that  is,  when  the  earth 
really  fets  out  from  the  firft  point  of  Capricorn, 
the  fun  feems  to  fet  out  from  the  firft  point  of 
Cancer,  as  is  plain  from  the  index. 

But  as  during  the  annual  revolution  of  th^ 
earth,  the  axis  always  remains  parallel  to  itfelfi 
the  fituation  of  this  axis,  with  refpe<ft  to  the  fun, 
mu  ft  be  continually  changing. 

As  the  earth  moves  on  in  the  ecliptic,  the 
northern  polar  circle  gets  gradually  under  thc 
terminator,  fo  that  when  the  earth  is  arrived  & 
the  firft  point  of  Aries,  and  the  annual  index  i5 
at  the  firft  point  of  Libra  on  the  2  2d  of  Septem¬ 
ber,  this  circle  is  divided  into  two  equal  pai'*s 
by  the  terminator,  as  is  alfo  every  other  parallel 
circle,  and  confequently  the  diurnal  and  noc¬ 
turnal  arches  are  equal;  this  is  called  the  time 
equinox,  thc  days  and  nights  are  then  equal  a11 
over  the  earth,  being  each  of  them  12  hour5 
long,  as  will  be  feen  by  the  horary  index 
The  central  folar  ray  G  having  fucce(five^ 
pointed  to  all  the  parallels  that  may  be  fuppote  ^ 
to  be  between  the  equator  and  the  tropic  0 
Cancer,  is  at  this  period  perpendicular  to 
inhabitants  that  live  at  the  equator. 
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%  continuing  to  turn  the  handle,  the  earth 
vances  in  the  ecliptic,  and  the  terminator 
how  the  da>'E  are  continually  decreafing, 
nd  the  diurnal  arches  Ihortening,  till  by  degrees 
C-C  udl°le  fpace  contained  by  the  northern  polar 
,rcle  is  on  that  fide  of  the  terminator  which  is 
P  polite  to  the  fun,  which  happens  when  the 
*rth  is  got  to  the  firft  point  of  Cancer,  and  the 
th  nUal  ,ndex  is  at  the  firft  point  of  Capricorn,  on 
e  a  i  ft  of  December.  In  this  ftate  of  the  globe, 
e  northern  polar  circle,  and  all  the  country 

ink  i"1  t  lat  fpatC- have  no  da>’  at  all ;  whilft  the 
"hab.tants  that  jive  within  the  fouthern  polar 

i,  C'  bem-  on  that  Me  of  the  terminator  which 
»nd  chC  fUn’  enj°y  Petpetual  day.  By  this 
nc  former  fituation  of  the  earth,  the  pupil 
obferve  that  there  are  nations  to  whom  a 
^eat  portion  of  the  year  is  darknefs,  who  are 
fidemned  to  pafs  weeks  and  months  without 

^htr  iT  inflUe"Ce  °f  thefolar  rays-  The 
,  *  lo  ar  ray  is  now  perpendicular  to  the 

^verfi  ^'aPr^corn  '>  t^le  length  of  the  days  is 

Cer>  th  What  lt  WaS  WHen  thC  fun  entcred  Can” 
%  *  e  daXs  being  now  at  *heir  Ihort eft,  and 

%  len  ^  l0ngCft  in  the  northern  bemifphere 
eacb  *s  pointed  out  by  the  horary 

^ibra  Cait^  being  again  carried  on  till  it  enters 
^1  ^Un  we  iball  again  have 

Phenomena  of  the  equinoctial  fea- 
K  k2  fons. 
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fons.  The  terminator  will  divide  all  the  paral' 
lcls  into  two  equal  parts ;  the  poles  will  again 
be  in  the  plane  of  the  terminator,  and  confe-* 
quently  as  the  globe  revolves,  every  place  from 
pole  to  pole  will  defcribe  an  equal  arch  in  the 
enlightened  and  obfeure  hemifphcres,  enter 
ing  into  and  going  out  of  each  exadly  at  ft* 
o’clock,  as  (hewn  by  the  hour  index. 

As  the  earth  advances,  more  of  the  norther*1 
polar  circle  comes  into  the  illuminated  heitfi' 
fphere,  and  confequently  the  days  increafe  wi^ 
us,  while  thofe  on  the  other  fide  of  the  equate 
decreafe,  till  the  earth  arrives  at  the  firft  poi^1 
of  Capricorn,  the  place  from  which  we  firft  be 
gan  to  make  our  obfervations. 

To  explain  the  phenomena,  that  take  Plarf 
in  a  parallel,  diredt,  and  right  fphere. 

Take  off  the  globe  and  it's  terminator,  andp^ 
on  in  it’s  place  the  globe  which  accompaI 
the  inftrument,  and  which  is  fumifhed 
meridian,  horizon,  and  quadrant  of  altin1  ^ 

the  edge  of  the  horizon  is  graduated 

eaft  and  weft,  to  the  north  and  fouth  p° '  ^ 
and  within  thefe  divifions  are  the  points 
compafs-  to  the  under  fide  of  this  h011^  j s 
but  at  1 8  degrees  from  it  another  cnc  y 
affixed,  to  reprefent  the  twilight 
meridian  is  graduated  like  the  meridw 
globe;  the  quadrant  of  altitude  >s  0  -^o 
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into  degrees,  beginning  at  the  zenith,  and  finifli- 
ing  at  the  horizon. 

This  globe,  if  the  horizon  be  differently  fet 
with  refpedt  to  the  folar  ray,  will  exhibit  the 
various  phenomena  arifing  from  the  fituation 
°f  the  horizon  with  refpe<ft  to  the  fun,  either  in 
a  right,  a  parallel,  or  an  oblique  fphere;  or 
having  fet  the  horizon  to  any  place,  you  will  fee 
hy  the  central  folar  ray  how  long  the  fun  is 
above  or  below  the  horizon  of  that  place,  and 
at  what  point  of  the  compafs  he  rifes,  his 
Meridian  altitude,  and  many  other  curious 
particulars,  of  which  we  fhali  give  a  few 
examples. 

Set  the  horizon  to  coincide  with  the  equator, 
and  place  the  earth  in  the  firft  point  of  Libra ; 
*hen  will  the  globe  be  in  the  pofition  of  a  paral¬ 
lel  fphere,  and  of  the  inhabitants  of  the  poles  at 
that  feafon  of  the  year,  which  inhabitants  are 
reprefented  by  the  pin  at  the  upper  part  of  the 
Suad  rant  of  altitude;  the  handle  being  turned 
found  gently,  the  earth  will  revolve  upon  it’s 
axis,  and  the  folar  ray  will  coincide  with  the 
onzon,  without  deviating  in  the  leaft  to  the 
Oorth  or  fouth;  fhewing,  that  on  the  21ft  of 
^farch  the  fun  does  not  appear  to  rife  or  fet  to 
the  terreftrial  poles,  but  paffes  round  through 
jh  the  points  of  the  compafs,  the  plane  of  the 
°rizon  bifefting  the  fun’s  difk. 

K  k  3  Now 
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Now  place  the  horizon,  fo  that  it  may  coin¬ 
cide  with  the  poles,  and  the  pin  reprefenting  an 
inhabitant  be  over  the  equator,  the  globe  in  this 
pofition  is  faid  to  be  in  that  of  a  right  fphere  j 
the  equator,  and  all  the  parallels  of  latitude,  are 
at  right  angles,  or  perpendicular  to  the  horizon; 
by  turning  the  handle  till  the  earth  has  comple¬ 
ted  a  year,  or  one  revolution  about  the  fun,  we 
fhall  perceive  all  the  folar  phenomena  as  they 
happen  to  an  inhabitant  of  the  equator,  which 
are,  I.  That  the  fun  rifes  at  fix,  and  fets  at  fix, 
throughout  the  year,  fo  that  the  days  and  nights 
there  are  perpetually  equal.  2.  That  on  the  21ft 
of  March,  and  2  2d  of  September,  the  fun  is 
in  the  zenith,  or  exa&Iy  over  the  heads  of  the 
inhabitants.  3.  That  one  half  of  the  year  between 
March  and  September,  the  fun  is  every  day  full 
north,  and  the  other  half  between  September 
and  March,  is  full  fouth  of  the  equator,  his 
meridian  altitude  being  never  Iefs  than  66f 
degrees. 

If  the  pin  reprefenting  an  inhabitant  be  noW 
removed  out  of  the  equator,  and  fet  upon  any 
place  between  it  and  the  poles,  the  horizon  will 
not  then  pafs  through  either  of  the  poles,  nor 
coincide  with  the  equator,  but  cut  it  obliquely* 
«ne  half  being  above,  the  other  half  below  the 
horizon  ;  the  globe  in  this  fiate  is  faid  to  be  in 
that  of  an  oblique  fphere,  of  which  there  are  as 
many  varieties  as  there  arc  places  between  the 

equator 
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equator  and  either  pole.  But  one  example  will 
be  fufficient ;  for  whatever  appeafance  happens 
to  one  place,  the  fame,  as  to  kind,  happens  to 
Cvery  other  place,  differing  only  in  degree,  as 
tbe  latitudes  differ.  Bring  the  pin,  therefore, 
°Vcr  London,  then  will  the  horizon  reprefent 
^e  horizon  of  London,  and  in  one  revolution  of 
the  earth  round  the  fun,  we  (hall  have  all  the 
f°lar  appearances  through  the  four  feafons  clearly 
Cxhibitcd,  as  they  really  are  in  nature ;  that  is, 
lhe  earth  (landing  at  the  firft  degree  of  Libra, 
and  the  fun  then  entering  into  Aries,  the  meri¬ 
dian  turned  to  the  folar  ray,  and  the  hour  index 
fet  to  XII,  you  will  then  have  the  globe  (landing 
11  the  fame  pofition  towards  the  fun,  as  our 
earth  does  at  noon  on  the  2 1  (l  of  March.  If 
1  e  handle  be  turned  round,  when  the  folar  ray 
£°mes  to  the  weftern  edge  of  the  horizon,  the 
°ur  index  will  point  VI,  which  (hews  the  time 
of  fun-fetting ;  London  then  paffes  into,  and  con- 
tmues  in  darknefs,  till  the  hour  index  having 
Pf-ed  over  XII  hours,  comes  again  to  VI,  at 
Qf  1Ch  tlme  the  foIar  ray  gains  the  eaftern  edge 
hinr  horlZOn,  therebf  defining  the  time  of 
a  ,ri  lnS»  dx  hours  afterwards  the  meridian 
am  comes  to  the  folar  ray,  and  the  hour  in- 
points  to  XII,  thereby  evidently  demonftra- 
fun*  t^C  Cquality  tbe  day  and  night,  when  the 
ls  in  the  equinoctial.  You  may  then  alfo 
K  k  4  obferve. 
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obferve,  that  the  fun  rifes  due  eaft,  and  fets  due 
weft. 

Continuing  to  move  the  handle,  you  will  find 
that  the  folar  ray  declines  from  the  equator  to^ 
wards  the  north,  and  every  day  at  noon  rifes 
higher  upon  the  graduations  of  the  meridian 
than  it  did  before,  continually  approaching  to 
London,  the  days  at  the  fame  time  growing 
longer  and  longer,  and  the  fun  rifing  and  fet- 
ting  more  and  more  towards  the  north,  till  the 
21  ft  of  June,  when  the  earth  gets  into  the  firft 
degree  of  Capricorn,  and  the  fun  appears  in  the  • 
tropic  of  Cancer,  riling  about  40  minutes  paft 
III  in  the  morning,  and  fetting  about  20  min* 
paft  VIII  in  the  evening ;  and  after  continuing 
about  feven  hours  in  the  nether  hemifphere, 
appears  rifing  in  the  north-caft,  as  before.  From 
the  21  ft  of  June  to  the  22d  of  September,  the 
fun  recedes  to  the  fouth,  and  the  days  gradually 
dccreafe  to  the  autumnal  equinox,  when  they 
again  become  equal. 

During  the  three  fucceeding  months,  the  fu11 
continues  to  decline  towards  the  fouth  pole,  till 
the  2 1  ft  of  December,  when  the  fun  enters  ft? 
tropic  of  Capricorn,  rifing  on  the  fouth-ea 
point  of  the  compafs  about  20  minutes  paft  VI* 
in  the  morning,  and  fetting  about  40  minuteS 
paft  III  in  the  evening,  at  the  fouth-wefl  p°*nC 
upon  the  horizon ;  after  which,  the  fun  conti nucS 
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in  the  dark  hemifpherc  for  1 7  hours,  and  then 
appears  again  in  the  fouth-eaft,  as  before.  From 
this  chill  folftice  the  fun  returns  towards  the 
north,  and  the  days  continually  increafe  in 
length  till  the  vernal  equinox,  when  all  things 
are  reftored  in  the  fame  order  as  at  the  be¬ 
ginning. 

Thus  all  the  varieties  of  the  feafons,  the  time 
of  fun  riling  and  fetting,  and  at  what  point  of  the 
compafs ;  as  alfo  the  meridian  altitude  and  decli¬ 
nation  every  day  of  the  year,  and  duration  of  twi¬ 
light,  and  to  what  place  the  fun  is  at  any  time 
vertical,  are  fully  exemplified  by  this  globe  and 
it’s  apparatus. 

Before  we  quit  the  phenomena  particularfy 
arifing  from  the  motion  and  pofition  of  the 
earth,  let  the  globe,  with  the  meridian  and  hori¬ 
zon  be  removed,  and  the  ivory  ball  which  fits 
upon  a  pin  be  placed  thereon,  to  reprefent  the 
earth. 

As  the  axis  of  this  globe  Hands  perpendicular 
to  the  plane  of  the  ecliptic,  you  will  find  that  the 
folar  ray  continually  points  to  the  equator  of  this 
little  ball,  and  will  never  deviate  to  the  north  or 
fouth  ;  though  by  turning  the  handle,  the  ball  is 
made  to  complete  a  revolution  round  the  fun. 
*rhis  (hews  that  the  earth  in  this  pofition  would 
have  the  days  and  nights  equal  in  every  Part  °f 
the  globe,  all  the  year  long  ;  there  would  have 
been  no  difference  in  the  climates  of  the  earth, 

no 
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do  diftindion  of  feafons ;  an  eternal  fummcr,  or 
nevcr-ceafing  winter,  would  have  been  our  por¬ 
tion  ;  an  unvaried  famcnefs  that  would  have 
limited  inquiry,  and  fatiated  curiofity ;  and  that 
the  variety  of  the  feafons  is  owing  to  it’s  axis 
being  inclined  to  the  plane  of  it’s  orbit. 

An  explanation  of  the  caufes  of  the  viciflitudes 
of  the  feafons,  fo  naturally  introduces  the  follow¬ 
ing  refledions  of  Mr.  Cowper,  in  his  Winter’s 
Walk,  that  I  hope  they  will  not  be  deemed  im¬ 
pertinent,  either  by  the  tutor  or  his  pupil. 

What  prodigies  can  power  divine  perform 
More  grand  than  it  produces  year  by  year. 

And  all  in  fight  of  inattentive  man  ? 

Familiar  with  th’  effed  we  flight  the  caufe. 

And,  in  the  conflancy  of  nature’s  courfe. 

The  regular  return  of  genial  months. 

And  renovation  of  a  faded  world. 

See  nought  to  wonder  at.  Should  God  again. 

As  once  in  Gibeon,  interrupt  the  race 
Of  the  undeviating  and  pundual  fun. 

How  w’ould  the  world  admire  !  but  fpeaks  it 
lefs 

An  agency  divine,  to  make  him  know 
His  moment  when  to  fink,  and  when  to  rife. 

Age  after  age,  than  to  arreft  his  courfe  ? 

All  we  behold  is  miracle  •  but  feen 
So  duly,  all  is  miracle  in  vain. 

Where  now  the  vital  energy  that  mov’d, 


White 


OF  PLANETAR1UMS,  See.  523 

While  fummcr  was,  the  pure  and  fubtle 
lymph 

Through  th’  imperceptible  meandring  veins 
Of  leaf  and  flower  ?  It  deeps,  and  th’  icy  touch 
Of  unprolific  winter  has  imprefled 
A  cold  ftagnation  on  th’  inteftine  tide* 

But  let  the  months  go  round,  a  few  fhort 
months. 

And  all  {hall  be  reftor’d.  Thefe  naked  (hoots, 
barren  as  lances,  among  which  the  wind 
Makes  wintry  mufic  lighing  as  it  goes, 

Shall  put  their  graceful  foliage  on  again: 

And  more  afpiring,  and  with  ampler  fpread, 
Shall  boaft  new  charms,  and  more  than  they 
have  loft. 

*******  *  *  *  *  * 
And  all  this  uniform,  uncolour’d  fcene 
Shall  be  difmantled  of  it’s  fleecy  load. 

And  flufli  into  variety  again. 

From  dearth  to  plenty,  and  from  death  to  life, 

Is  nature’s  progrefs  when  (he  lectures  man 
In  heavenly  truth ;  evincing,  as  die  makes 
The  grand  tranfition,  that  there  lives  and  works 
A  foul  in  all  things,  and  that  foul  is  God. 

The  beauties  of  the  wildernefs  are  his, 

*1  hat  make  fo  gay  the  folitary  place. 

Where  no  eye  fees  them.  And  the  fairer  forms. 
That  cultivation  glories  in,  are  his. 

I"Ie  fets  the  bright  procedion  on  it’s  way, 

And  marlhals  all  the  order  of  the  year. 

5 


He 


524 


DESCRIPTION  and  use 


************ 

He  feeds  the  fecret  fire 
By  which  the  mighty  procefs  is  maintain’d  : 

Who  fleeps  nor,  is  not  weary  ;  in  whofe  fight 
Slow  circling  ages  are  as  tranfient  days  : 

Whofe  work  is  without  labour,  whofe  defigns 
No  flaw  deforms,  no  difficulty  thwarts  ; 

And  whofe  beneficence  no  change  exhaufts. 

Of  the  Lunarium,  Fig.  2,  Plate  XVIII. 

Having  thus  illufirated  the  phenomena,  which 
arife  particularly  from  the  inclination  of  the 
earthy  axis  to  the  plane  of  the  ecliptic,  from  it’s 
rotation  round  it’s  axis,  and  revolution  round  the 
fun  ;  we  now  proceed  to  explain,  by  this  inftru- 
ment,  the  phtenomenaof  the  moor.  But  in  order 
to  this,  it  will  be  neceffary  to  fpeak  firft  of  the 
inftrument,  which  is  put  in  motion  like  the  pre¬ 
ceding  one,  by  the  teeth  on  the  fixed  wheel  j  it 
is  alfo  to  be  placed  upon  the  fame  focket  as  the 
tellurian,  and  confined  down  by  the  fame  milled 
nut. 

The  Hoping  ring  P  Qjeprcfents  the  plane  of 
the  moon’s  orbit,  or  path,  round  the  earth  ;  fo 
that  the  moon  in  her  revolution  round  the  earth 
does  not  move  parallel  to  the  plane  of  the  ecliptic, 
but  on  this  inclined  plane;  the  two  points  of  this 
plane,  that  arc  conneded  by  the  brafs  wire,  are 
the  nodes,  one  of  which  is  marked  ft,  for  the  af- 

cend- 
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cending  node,  the  other  for  the  defending 
node.  The  moon  is  therefore  fometimes  on  the 
north,  and  fometimes  on  the  fouth  fide  of  the 
ecliptic,  which  deviations  from  the  ecliptic  are 
called  her  north  or  fouth  latitude ;  her  greateft 
deviation,  which  is  when  {he  is  at  her  higheft 
and  lowed  points,  called  her  limits,  is  5  deg.  18 
min.;  this,  with  ail  the  other  intermediate  de¬ 
grees  of  latitude,  are  engraved  on  this  ring,  begin¬ 
ning  at  the  nodes,  and  numbered  both  ways  from 
them.  At  each  fide  of  the  nodes,  and  at  about 
1 8  degrees  diftant  from  them,  we  find  this 
mark  ©,  and  at  about  12  degrees  this  }),  to  in¬ 
dicate  that  when  the  full  moon  is  got  as  far  from 
the  nodes  as  the  mark  > ,  there  can  be  no  eclipfe 
of  the  moon,  nor  any  eclipfe  of  the  fun ;  when 
the  new  moon  has  pafied  the  mark  ©,  thefe  points 
are  generally  termed  the  limits  of  eclipfes.  The 
nodes  of  the  moon  do  not  remain  fixed  at  the 
fame  point  of  the  ecliptic,  but  have  a  motion 
contrary  to  the  order  of  the  figns. 

T  V  is  a  fmall  circle  parallel  to  the  ecliptic ; 
it  is  divided  into  1 2  figns,  and  each  fign  into  30 
degrees ;  this  circle  is  moveable  in  it’s  focker, 
and  is  to  be  fet  by  hand,  fo  that  the  fame  fign 
may  be  oppofite  to  the  fun,  that  is  marked  out 
by  the  annual  index.  Thefe  figns  always  keep 
parallel  to  themfelves,  as  they  go  round  the  iun, 
but  the  inclined  plane  with  it’s  nodes  go  back¬ 
wards, 
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wards,  fo  that  each  node  recedes  through  all  the 
above  figns  in  about  19  years.  R  S  is  a  circle, 
on  which  are  divided  the  days  of  the  moon’s  age ; 
X  Y  is  an  cllipfis,  to  reprefent  the  moon’s  ellip¬ 
tical  orbit,  the  dired  motion  of  the  apogee,  or 
the  line  of  the  apfides,  with  the  fituation  of  the 
elliptical  orbit  of  the  moon,  and  place  of  the  apo¬ 
gee  in  the  ecliptic  at  all  times. 

To  RECTIFY  THE  L.UNARIUM. 

Set  the  annual  index  on  the  large  ecliptic,  to 
the  firft  of  Capricorn  ;  then  turn  the  plate,  with 
the  moon’s  ligns  upon  it,  until  the  beginning  of 
Capricorn  points  diredly  at  the  fun  ;  turn  the 
handle  till  the  annual  index  comes  to  the  firft  of 
January ;  then  find  the  place  of  the  north  node  in 
an  ephemeris,  to  which  place  among  the  moon's 
figns,  fet  the  north  node  of  her  inclined  orbit, 
by  turning  it  till  it  is  in  it’s  proper  place  in  th« 
circle  of  figns ;  fet  the  moon  to  the  day  of  her 
age. 

General  Phenomena  of  the  Mootf. 

Having  redified  the  lunarium  for  ufe,  on 
putting  it  into  motion  it  will  be  evident, 

1.  That  the  moon,  by  the  mechanifm  of  the 
inftrument,  always  moves  in  an  orbit  inclined  to 
that  of  the  ecliptic,  and  confequently  in  an  orbit 
analogous  to  that  in  which  the  moon  moves  in 
the  heavens. 


2.  That 
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2.  That  (he  moves  from  weft  tocaft. 

3.  That  the  white  or  illuminated  face  of  the 
•tioon  is  always  turned  towards  the  fun. 

4-*  That  the  nodes  have  a  revolution  contrary 
to  the  order  of  the  figns,  that  is,  from  Aries  to 
Pftces ;  that  this  revolution  is  performed  in 
about  nineteen  years,  as  in  nature. 

5.  That  the  moon’s  rotation  upon  her  axis  is 
effected  and  completed  in  about  27 1  days;  where¬ 
as  it  is  29I  days  from  one  conjunction  with  the 
fun  to  the  next. 

6.  That  every  part  of  the  moon  is  turned  to 
the  fun,  in  the  fpace  of  her  monthly  or  periodic 
revolution. 

To  be  more  particular.  On  turning  the  han¬ 
dle,  you  will  obferve  another  motion  of  the 
earth,  which  has  not  yet  been  fpoken  of,  namely, 
lt  s  monthly  motion  about  the  common  center  of 
gravity  between  the  earth  and  moon,  which 
center  of  gravity  is  reprefented  by  the  pin  Z. 
Prom  hence  we  learn,  that  it  is  not  the  center  of 
the  earth  which  deferibes  what  is  called  the  an¬ 
nual  orbit,  but  the  center  of  gravity  between  the 
c^rth  and  moon,  and  that  the  earth  has  an  irregu^ 
*ar>  vermicular,  or  lpiral  motion  about  this  cen- 
ter>  Jfo  that  it  is  every  month  at  one  time  nearer 
to»  at  another  further  from  the  fun.  It  if  cv'i“ 
^cnt  from  the  inftrument,  that  the  moon  does  not 
tegard  the  center  of  the  earth,  but  the  center  of 
gravity  as  the  center  of  her  proper  motion  ;  that 

the 
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the  center  of  the  earth  is  furthefl  from  the  fun  a t 
new  moon,  and  neareft  at  the  full  moon;  that  in 
the  quadratures  the  monthly  parallax  of  the  earth 
is  fo  fenfible,  as  to  require  a  particular  equation 
in  agronomical  tables.  Thefe  particulars  were 
firft  applied  to  the  orrery,  by  the  late  ingenious 
Mr.  Benjamin  Martin. 

To  EXPLAIN  THE  PHASES  OF  THE  MoON. 

The  moon  afTumes  different  phafes  to  us,  1.  on 

account  of  her  globular  figure;  2.  on  account 
of  the  motion  in  her  orbit,  between  the  earth  and 
the  fun :  for  whenever  the  moon  is  between  the 
earth  and  the  fun,  we  call  it  new  moon,  the  en- 
lightened  part  being  then  turned  from  us;  but 
when  the  earth  is  between  the  fun  and  the  moon, 
we  then  call  it  full  moon,  the  whole  of  the  en¬ 
lightened  part  being  then  turned  towards  us. 

The  phafes  of  the  moon  are  clearly  exhibited 
in  this  inftrument;  for  we  here  fee  that  half 
which  is  oppofite  to  the  fun  is  always  dark,  while 
that  which  is  next  to  the  fun  is  white,  to  repre- 
fent  the  illuminated  part.  Thus  when  it  is  new 
moon,  you  w  ill  fee  the  whole  white  part  next  the 
fun,  and  the  dark  part  turned  towards  the  earth, 
fliewing  thereby  it’s  difappearance,  or  the  time 
of  its  conjunction  and  change:  on  turning  the 
handle,  a  fmall  portion  of  the  w  hite  part  wi^ 
begin  to  be  feen  from  the  earth,  which  portion 
will  increafe  towards  the  end  of  the  7th  day, 

when 
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when  you  will  perceive  that  half  of  the  light,  and 
^alf  of  the  dark  fide,  is  turned  towards  the  earth, 
thus  llluftrating  the  appearance  of  the  moon  at 
*he  firfi  quarter.  From  hence  the  light  fide  will 
continually  (hew  itftlf  more  and  more  in  a  gib¬ 
bous  form,  till  at  the  end  of  fourteen  days  the 
Whole  white  fide  will  be  turned  towards  the  earth, 
the  dark  fide  from  it,  the  earth  now  handing 
lri  *  line  between  the  fisn  and  moon;  and  thus 
lhe  infirument  explains  the  oppofition,  or  full 
^oon.  On  turning  the  handle  again,  fbme  of 
the  lhaded  part  will  begin  to  turn  towards  the 
carth,  and  the  white  fide  to  turn  away  from  it, 
decreafmg  in  a  gibbous  form  till  the  lafb  quarter, 
when  the  moon  will  appear  again  as  a  crefcent, 
'v’hieh  (he  preferves  till  (he  has  attained  another 
c°njuntf:ion. 

In  this  lunarium  the  moon  has  always  the 
face  or  fide  to -the  earth,  as  is  evident  from 
the  fp0ts  delineated  on  the  furface  of  the  ivory 
revolving  about  it’s  axis  in  the  courfe  of 
°ne  revolution  round  the  earth ;  in  confcquence 
which,  the  light  and  dark  part  of  the  moon 
appear  permanent  to  us,  and  the  phafes  arefhewn 
*s  lhey  appear  in  the  heavens. 

tutor  will  be  enabled  by  this  infirument 
explain  fome  other  circumfiances  to  his  pupil; 
na**ly,  that  as  the  earth  turns  round  it’s  axis 
^ncein  hours,  it  muft  in  that  time  exhibit 
Cry  part  of  it’s  furface  to  the  inhabitants  of  the 
1, 1  moon, 
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inoon,  and  therefore  it’s  luminous  and  opake 
parts  will  be  feen  by  them  in  conftant  rotation. 

As  that  half  of  the  earth  which  is  oppofed  to  the 
fun  is  always  dark,  the  earth  will  exhibit  the 
fame  phafes  to  the  lunarians  that  we  do  to  them, 
only  in  a  contrary  order,  that  when  the  moon  is 
new  to  us,  we  ihall  be  full  to  them,  and  vice  verfa. 
But  as  one  hemifphere  only  of  the  moon  is  ever 
turned  towards  us,  it  is  only  to  thofe  that  are 
in  this  hemifphere  who  can  fee  us;  our  earth 
■will  appear  to  them  alw  ays  in  one  place,  or  fixed 
in  the  fame  part  of  the  heavens ;  the  lunarians  in 
the  oppofite  hemifphere  never  fee  our  earth,  noi 
do  we  ever  view  that  part  of  the  moon  which  they 
inhabit.  The  moon’s  apparent  diurnal  motion  in 
the  heavens  is  produced  by  the  daily  revolution 
of  our  earth. 

If  we  confider  the  moon  with  refped  to  t  e 
fun,  the  inftrument  ihews  plainly  that  one  hal 
of  her  globe  is  always  enlightened  by  the  fun* 
that  every  part  of  the  lunar  ball  is  turned  to  t  j 
fun,  in  the  fpace  of  her  monthly  or  periodic 
revolution,  and  that  therefore  the  length  of  thc 
day  and  night  in  the  moon  is  always  the  fanne» 
and  equal  to  1 4  i  of  our  day.  W  hen  the  fun 
to  the  lunarians  in  that  hemifphere  next  1 
earth,  the  terreftrial  moon  rifes  to  them,  an 
they  can  therefore  never  have  any  dark  ni& >  ^ 
while  thofe  in  the  other  hemifphere  can  ha\ e  1 
light  by  night,  but  what  the  ftars  aftord. 
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Oi-  the  Periodical  and  Synodical  Month. 

The  difference  between  the  periodical  month, 
in  which  the  moon  exadly  deferibes  the  ecliptic, 
and  the  fynodical,  or  time  between  any  two  new 
fifroons,  is  here  rendered  very  evident.  To  (hew 
this  difference,  obferve  at  any  new'  moon  her 
Place  in  the  ecliptic,  then  turn  the  handle,  and 
^  hen  the  moon  has  got  to  the  fame  point  in  the 
cchptic,  you  will  fee  that  the  dial  (hews  274 
days,  and  the  moon  has  (inillicd  her  periodic 
evolution.  But  the  earth  at  the  fame  time 
having  advanced  in  it’s  annual  path  about  27 
egrees  of  the  ecliptic,  the  moon  will  not  have 
got  round  in  a  diredr  line  with  the  fun,  but  will 
require  28  days  and  4  hours  more,  to  bring  it 
*hto  conjundion  with  the  fun  again. 

Of  Eclipses  of  the  Sun  anp  Moon. 

There  is  nothing  in  affronomy  more  worthy 
"four  contemplation,  nor  any  thing  more  fub- 
lme  in  natural  knowledge,  than  rightly  to  com¬ 
prehend  thofe  fudden  obfeurations  of  the 
eavenly  bodies,  that  are  termed  cclipfes,  and 
^accuracy  with  which  they  are  now  foretold, 
pi  nc  °*  t^lc  chief  advantages  derived  by  the 
diff  °nt  ^cncrat^on>  hom  the  improvement  and 
uh°n  philofophy,  is  delivery  from  un- 
^  ceffary  terror,  and  exemption  from  falfe 

s*  ^  he  unufual  appearances,  whether  re- 
T 1  2  gular 
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gular  or  accidental,  which  once  fprcad  confter^ 
nation  over  ages  of  ignorance,  are  now  the  recre¬ 
ations  of  inquifitive  fecurity.  The  fun  is  no 
more  lamented  when  it  is  eclipfed,  than  when  it 
fets;  and  meteors  play  their  corrufcations  without 
prognoftic  or  prediction.” 

We  have  already  obferved,  that  the  fun  is  the 
only  real  luminary  in  the  folar  fyftem,  and  that 
none  of  the  other  planets  emit  any  light  but 
what  they  have  received  from  the  fun ;  that  the 
hemifphcre  which  is  turned  towards  the  fun  is 
illuminated  by  his  rays,  while  the  other  fide  is 
involved  in  darknefs,  and  projects  a  fhadoW, 
which  arifes  from  the  luminous  body. 

When  the  (hadow  of  the  earth  falls  upon  the 
moon,  it  caufes  an  eclipfe  of  the  moon;  when 
the  {hadow  of  the  moon  falls  upon  the  earth,  X 

caufes  an  eclipfe  of  the  fun. 

An  eclipfe  of  the  moon,  therefore,  never  hap^ 
pens  but  when  the  earth’s  opake  body  interpofa 
between  the  fun  and  the  moon,  that  is,  at  the 
full  moon;  and  an  eclipfe  of  the  fun  never  hap" 
pens  but  when  the  moon  comes  in  a  line  be¬ 
tween  the  earth  and  the  fun,  that  is,  at  the  ne 
moon. 

From  what  we  have  already  feen  by  the  in 
ftrument,  it  appears  that  the  moon  is  once  eye# 
month  in  conjun&ion,  and  once  in  oppofiti0^ 
from  hence  it  would  appear,  that  there  oug^ 

J?e  two  eclipfes,  one  of  the  fun,  the  other  o  ^ 
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tnoon,  every  month  j  but  this  is  not  the  ca Cct 
&nd  for  two  reafons,  firft,  becaufe  the  orbit  of 
the  moon  is  inclined  in  an  angle  of  about  5  de¬ 
grees  to  the  plane  of  the  ecliptic ;  and  fecondly, 
becaufe  the  nodes  of  this  orbit  have  a  progreflive 
tnotion,  which  caufes  them  to  change  their  place 
every  lunation.  Hence  it  often  happens,  that 
at  the  times  of  oppofition  or  conjunction  the 
tnoon  has  fo  much  latitude,  or  what  is  the  fame 
thing,  is  fo  much  below'  or  above  the  plane  of 
the  ecliptic,  that  the  light  of  the  fun  will  in  the 
hrft  cafe  reach  the  moon,  without  any  obftacle* 
and  in  the  other  the  earth;  but  as  the  nodes 
are  not  fixed,  but  run  fuccdlively  through  all 
the  figns  of  the  ecliptic,  the  moon  is  often,  both 
at  the  times  of  conjunction  and  oppofition,  in  or 
very  near  the  plane  of. the  ecliptic;  in  thefe 
cafes  an  eclipfe  happens,  either  of  the  fun  or 
frioon,  according  to  her  fituation.  The  whole 
°f  this  is  rendered  clear  by  the  lunarium,  where 
the  wire  projecting  from  the  earth,  fliews  when 
the  moon  is  above,  below,  or  even  with  the 
earth,  at  the  times  of  conjunction  and  oppo- 
lition,  and  thus  when  there  will  be,  or  not,  any 
eclipfes. 

The  diftance  of  the  moon  from  the  earth 
Varies  fenfibly  with  refpeCt  to  the  fun;  it  does 
n°t  move  in  a  circular,  but  in  an  elliptic  orbit 
r°und  us,  the  earth  being  at  one  of  the  foci  of 
L  1  3  this 
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this  curve.*  The  longer  axis  of  the  lunar  orbit 
is  not  always  directed  to  the  fame  point' of  the 
heavens  but  has  a  movement  of  it’s  own,  which 
is  not  to  be  confounded  with  that  of  the  nodes  ; 
for  the  motion  of  the  lad  is  contrary  to  the  order 
of  figrts,  but  that  of  the  line  of  apfides  is  in  the 
fame  direction,  and  returns  to  the  fame  point  in 
the  heavens  in  about  nine  years.  This  motion 
is  illudratcd  in  the  lunarium  by  means  of  the 
brafs  ellipfis  X  Y,  which  is  carried  round  the 
earth  in  little  lefs  than  nine  years:  thus  diewing 
the  fituation  of  the  elliptical  orbit  of  the  moon, 
and  the  place  of  the  apogee  in  the  ecliptic. 

Thofe  who  widi  to  extend  the  application  of 
the  indrument  further,  may  have  an  apparatus 
applied  to  it  for  explaining  the  Jovian  and  Sa¬ 
turnian  fyde ms,  illudrating  the  motion  of  their 
fateliites,  and  of  the  ring  of  Saturn.  But  as  this 
application  would  extend  the  price  of  the  in¬ 
drument  beyond  the  reach  of  mod  purchafers,  1 
have  thought  it  would  be  unnecefiary  to  de- 
feribe  them ;  the  more  fo,  as  the  phenomena 
they  are  intended  to  explain  arc  accurately  and 
clearly  delcribed  in  feveral  introdu&ory  works 
of  adronomy. 

OF 

*  That  point  of  her  orbit  wherein  flic  isneareftthc  e3rth> 
is  called  her  perigee  ;  the  oppolite  point,  in  which  ft*c  1 
farther  off,  is  called  her  apogee.  Thefe  two  points 
called  her  apsides,  the  apoge^  is  the  higher,  the  pengcC 
fnc  lower  apfis. 
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Of  the  Planetarium,  Tellurian,  and 

Lunarium,  represented  in  Plate  XIX. 

It  is  unneceffary  to  enter  into  a  minute  de¬ 
scription  of  this  inftrument,  as  what  has  been 
Said  upon  the  laft  will  apply  to  this,  the  differ¬ 
ence  being  but  fmall,  and  that  calculated  to 
render  the  inftrument  lefs  expeniive.  It  differs 
Srom  that  delineated  in  plates  XVII.  and  XVIII.  ' 
ln  the  follow  ing  particulars : 

1 .  That  the  parts  do  not  take  off,  as  in  the 
other,  for  exhibiting  the  particular  phenomena ; 
but  the  whole  is  put  in  motion  at  the  fame 
time. 

2.  That  the  part,  which  anfwers  the  purpofe 
°S  the  tellurian,  is  upon  a  much  fmaller  fcale 
than  that  of  plate  XVIII. 

2.  The  lunarium  only  exhibits  the  monthly 
Motion  of  the  moon  round  the  earth,  the  incli¬ 
nation  of  the  nodes,  and  the  phafes. 

To  leffen  the  price  ftill  more,  fome  of  thefe 
inftruments  are  conftrudled  with  no  diurnal 
Motion  to  the  earth. 

Of  the  Armillary  Sphere, 

Fig.  i,  Plate  XIII. 

"This  inftrument  reprefents  a  planetarium,  as 
^°mbined,  or  rather  inferted  within  an  armil- 
ary  Sphere.  The  planetarium  exhibits  the  mo- 
t]°n  of  the  earth,  and  all  the  primary  planets, 
L  1  4  round- 
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round  the  fun;  the  parallelifm  of  the  earth’s 
axis,  and  the  moon’s  motion  round  the  earth, 
the  feafons,  &c.  may  therefore  be  explained  by 
it ;  the  propriety  of  placing  them  in  a  fphere,  is 
too  obvious  to  need  explanation ;  the  delcription 
of  the  foregoing  inftrument  w;ill  enable  the  tutor 
to  ufe  this  with  cafe  to  himfclf,  and  fatisfadion 
to  his  pupil. 

Description  and  Use  of  the  Armillary 
Sphere,  Fio.  i,  Plate  XIII. 

Whoever  has  feen  a  common  armillary  fphcre, 
and  underftands  how  to  ufe  it,  mull  be  fenfibie 
that  the  machine  here  referred  to,  is  of  a  very 
different,  and  much  more  advantageous  con- 
ftrudion.  And  whoever  has  feen  the  curious 
glafs  fphere,  invented  by  Dr.  Long,  or  the 
figure  of  it  in  his  aftronomy,  mull  know  that  the 
furniture  of  the  terreflrial  globe  in  this  machine, 
the  manner  of  turning  either  the  earthly  globe, 
or  the  circles  which  furround  it,  are  all  copic< 
from  the  dodor’s  glafs  fphere;  and  that  the  only 
difference  is,  a  parcel  of  rings  inftead  of  a  gla^ 
celeftial  globe ;  and  all  the  additions  are,  a  moon 
within  the  fphere,  and  a  femicircle  upon  thc 
pedeftal.* 

The  exterior  part  of  this  machine  are  a  com- 
pages  of  brafs  rings,  which  reprefent 
principal  circles  of  the  heaven,  viz.  i. 

equinod^1, 

*  Fergulon’s  Lc&ures,  page  194. 
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equinoctial,  which  is  divided  into  360  degrees, 
(beginning  at  it’s  interfedion  with  the  ecliptic 
in  Aries)  for  {hewing  the  fun’s  right  afccnlion 
in  degrees;  and  alfo  into  24  hours,  for  {hewing 
his  right  afcenlion  in  time.  2.  The  ecliptic 
B  B,  which  is  divided  into  12  figns,  and  each 
lign  into  30  degrees,  and  alfo  into  the  month* 
and  days  of  the  year,  in  fuch  a  manner,  that  the 
degree  or  point  of  the  ecliptic  in  which  the  fun 
is,  on  any  given  day,  ftands  over  that  day  in  the 
circle  of  months.  3.  The  tropic  of  Cancer  C  C. 
4.  The  ardlic  circle  E,  and  the  antardic  circle  F, 
each  23  |  degrees  from  it’s  refpedive  pole  at  N 
and  S.  5.  The  equinodial  colure  G  G,  palling 
through  the  north  and  fouth  poles  of  the  heaven 
at  N  and  S,  and  through  the  equinodial  points 
Aries  and  Libra,  in  the  ecliptic.  6.  The  fol- 
ftitial  colure  H  H  palling  through  the  poles  of 
’  the  heaven,  and  through  the  folftitial  points 
Cancer  and  Capricorn,  in  the  ecliptic.  Each 
quarter  of  the  former  of  thefe  colures,  is  divided 
•  into  90  degrees,  from  the  equinodial  to  the  poles 
of  the  world,  for  {hewing  the  declination  ol  the 
fun,  moon,  and  ftars;  and  each  quarter  of  the 
latter,  from  the  ecliptic  to  it’s  poles,  for  {hewing 
the  latitudes  of  the  ftars. 

In  the  north  pole  of  the  ecliptic  is  a  nut  b,  to 
■which  is  fixed  one  end  of  a  quadrantal  wire,  and 
to  the  other  end  a  fmall  fun  Y,  which  is  carried 
roi/nd  the  ecliptic  B  B,  by  turning  the  nut;  and 

in 
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in  the  fouth  pole  of  the  ecliptic  is  a  pin  at  d,  on 
which  is  another  quadrantal  wire,  with  a  fmall 
moon  Z  upon  it,  which  may  be  moved  round  by 
hand;  but  there  is  a  particular  contrivance  for 
caufing  the  moon  to  move  in  an  orbit  which 
crofies  the  ecliptic  at  an  angle  of  5  *  degrees,  in 
two  oppofire  points,  called  the  moon's  nodes; 
and  alfo  for  (hitting  thefe  points  backward  in 
the  ecliptic,  as  the  moon’s  nodes  (hift  in  the 
heaven. 

Within  thefe  circular  rings  is  a  fmall  terreflrial 
globe  I,  fixed  on  an  axis  K  K,  which  extends 
from  the  north  and  fouth  poles  of  the  globe,  to 
thofe  of  the  celeftial  fphere  at  N  and  S:  on  this 
axis  is  fixed  the  flat  celeftial  meridian  L,  which 
may  be  fet  di redly  over  the  meridian  of  any 
place  on  the  globe,  and  then  turned  round  with 
the  globe,  fo  as  to  keep  over  the  fame  meridian 
upon  it :  this  fiat  meridian  is  graduated  the  fame 
way  as  the  brafs  meridian  of  a  common  globe, 
and  it’s  ufe  is  much  the  fame.  To  this  globe  is 
fitted  the  moveable  horizon  M  M,  lb  as  to  turn 
upon  two  firong  wires  proceeding  from  it’s  eaft 
and  weft  points  to  the  globe,  and  entering  the 
globe  at  oppofite  points  of  it’s  equator,  which  is 
a  moveable  brafs  ring  let  into  the  globe  in  * 
groove  all  around  it’s  equator:  the  globe  may  be 
turned  by  hand  within  this  ring,  fo  as  to  place 
any  given  meridian  upon  it,  diredly  under  the 
celeftial  meridian  L,  The  horizon  is  divided 

intn 
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into  360  degrees  all.  around  it’s  outermoft  edge, 
within  which  are  the  points  of  the  compafs,  for 
Revving  the  amplitude  of  the  fun  and  moon,  both  ^ 
in  degrees  and  points.  The  celeftial  meridian 
L  L,  paffes  through  twro  notches  in  the  north  and 
louth  points  of  the  horizon,  as  in  a  common 
globe;  but  here,  if  the  globe  be  turned  round, 
*he  horizon  and  meridian  turn  with  it.  At  the 
fouth  pole  of  the  fphere  is  a  circle  of  24  hours, 
fixed  to  the  rings,  and  on  the  axis  is  an  index 
which  goes  round  that  circle,  if  the  globe  be 
turned  round  it’s  axis. 

The  whole  fabric  is  fupported  on  three  feet, 
and  may  be  elevated  or  deprefled  upon  the  joint 
O,  to  any  number  of  degrees  from  o  to  90,  by 
Cleans  of  the  arch  P,  which  is  fixed  into  the 
firong  brafs  arm  Q,  and  Hides  in  the  upright 
piece  R,  in  which  is  a  ferew  at  r,  to  fix  it  at  arty 
proper  elevation.  In  the  box  T  are  two  wheels 
(as  in  Dr.  Long’s  fphere)  and  two  pinions,  whofe 
axes  come  out  at  a  and  b;  either  of  which  may  be 
turned  by  the  milled  nuts  affixed  to  them.  When 
the  nut  b  is  turned^  the  terreftrial  globe,  with 
Us  horizon  and  celeftial  meridian,  keep  at  reft; 
and  the  whole  fphere  of  circles  turns  round  from 
eaft,  by  fouth,  to  weft,  carrying  the  fun  Y,  and 
Uioon  Z,  round  the  fame  w  ay,  and  caufing  them 
*°  rii*e  above  and  fet  below  the  horizon ;  but 
When  the  nut  a  is  turned  forward,  the  fphere, 
"ith  the  fun  and  moon,  keep  at  reft;  and  the 
4.  earth, 
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earth,  with  it’s  horizon  and  meridian,  tur# 
round  from  wed,  by  fouth,  to  eaft ;  and  bring 
the  fame  points  of  the  horizon  to  the  fun  and 
moon,  to  which  thefe  bodies  came  when  the 
earth  kept  at  reft,  and  they  were  carried  round 
it,  {hewing  that  they  rife  and  fet  in  the  fame 
points  of  the  horizon,  and  at  the  fame  times  in 
the  hour  circle,  whether  the  motion  be  in  the 
earth,  or  in  the  heaven.  If  the  earthly  globe  be 
turned,  the  hour  index  goes  round  it's  hour  cir¬ 
cle-  but  if  the  fphere  be  turned,  the  hour  circle 
goes  round  below  the  index. 

And  fo,  by  this  conftru&ion,  the  machine  i* 
equally  fitted,  to  fliew  either  the  real  motion  of 
the  earth,  or  the  apparent  motton  of  the  heaven- 

To  rectify  the  fphere  for  ufe,  firft  flacken  the 
ferew  r  in  the  upright  ftem  R,  and  taking  hold  of 
the  arm  move  it  up  or  down  until  the  given 
degree  of  latitude  for  any  place  be  at  the  fide  of 
the  ftem  R,  and  then  the  axis  of  the  fphere  will 
be  properly  elevated,  fo  as  to  ftand  parallel  to  the 
axis  of  the  world,  if  the  machine  be  fet  north  and 
fouth  by  a  fmall  compafs :  this  done,  count  the 
latitude  from  the  north  pole,  upon  the  celeftia* 
meridian  L,  down  towards  the  north  notch  ot 
the  horizon,  and  fet  the  horizon  to  that  latitude; 
then  turn  the  nut  b,  until  the  fun  Y  comes  to 
the  given  day  of  the  year  in  the  ecliptic,  and  the 
fun  will  be  at  it’s  proper  place  for  that  day :  hn(^ 
the  place  of  the  moon’s  afeending  node,  and 
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alfo  the  place  of  the  moon,  by  an  ephemeris, 
and  fet  them  right  accordingly.  Laftly,  turn  the 
nut  b  until  either  the  fun  comes  to  the  meridian 
L,  or  until  the  meridian  comes  to  the  fun,  (ac¬ 
cording  as  you  want  the  fphere  or  earth  to  move) 
and  fet  the  hour  index  to  the  XII  marked  noon, 
and  the  whole  machine  will  be  rectified. 

Then  turn  the  nut  a,  and  obferve  when  the  fun 
or  moon  rifes  and  fets  in  the  horizon,  and  the 
hour  index  will  fhew  the  times  thereof  for  the 
given  day. 

Thofe  who  underftand  the  ufe  of  the  globes, 
will  be  at  no  lofs  to  work  many  problems  by 
thjis  fphere. 


ESSAY  IV. 


An  INTRODUCTION  to 


PRACTICAL  ASTRONOMY. 


THERE  is  no  part  of  mathematical  feience 
more  truly  calculated  to  intereft  and  fur- 
prize  mankind,  than  the  meafurement  of  the 
relative  portions  and  dittances  of  inacceflible  ob¬ 
jects.  To  determine  the  diftance  of  a  (hip,  feen 
on  a  remote  fpot  of  the  unvaried  face  of  the 
ocean;  to  afeertain  the  height  of  the  clouds  and 
meteors  which  float  in  the  invifible  fluid  above 
our  heads;  or  to  ihew  with  certainty  the  won¬ 
derful  dimenfions  of  the  fun  and  other  bodies  in 
the  heavens,  are  among  the  numerous  problems 
which  to  the  vulgar  appear  far  beyond  the  reach 
of  human  art,  but  are  neverthelcfs  truly  refolvcd 
by  the  incontrovertible  principles  of  the  mathe¬ 
matics.  Thefe  principles,  Ample  in  themfelves, 
and  eafy  to  be  underftood,  arc  applied  to  the 
7  conftruaioo 
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conftruction  of  a  variety  of  inftruments;  and  the 
following  pages  contain  an  account  of  their  ufe 
in  the  quadrant  and  the  equatorial. 

The  pofition  of  any  object,  with  regard  to  a 
fpectator,  can  be  confidered  in  no  more  than  two 
'Vays;  namely,  as  to  it’s  diftance,  or  the  length 
°f  a  line  fuppofed  to  be  drawn  from  the  eye  to  the 
object;  and  as  to  it’s  diretftion,  or  thefituation of 
that  line  vyith  rcfpedl  to  any  other  lines  of  direc¬ 
tion :  or,  in  other  words,  whether  it  lies  to  the 
right  or  left,  above  or  below  thofe  lines.  The 
fhtt  of  thefc  two  modes  bears  relation  to  a  line 
abfolutely  confidered,  and  the  fecond  to  an  angle. 
It  is  evident  that  the  diftance  can  be  dire&ly 
come  at  by  no  other  means  than  by  meafuring  it, 
°V  fucceftively  applying  fome  known  meafure 
along  the  line  in  queftion;  and  therefore,  that  in 
niany  cafes  the  diftance  cannot  be  direiftly  found ; 
hut  the  polition  of  the  line,  or  the  angle  it  forms, 
vv’ith  fome  other  aflumed  line,  may  be  readily 
•tfeerrained,  provided  this  laft  line  do  likewife 
terminate  in  the  eye  of  the  fpe&ator.  Now  the 
"■hole  artifice  o(  meafuring  inacceftible  diftances, 
c°nfifts  in  finding  their  lengths,  from  the  con¬ 
sideration  of  angles,  obferved  about  fome  other 
hftc,  whofe  length  can  be  fubmitted  to  acftual 
^enfuration.  How  this  is  done  I  (hall  proceed 

(hew. 

Every  one  knows  the  form  of  a  common  pair 
of  compares.  If  the  legs  of  this  inftrument 
•  were 
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were  mathematical  lines,  they  would  form  an 
angle  greater  or  lefs,  in  proportion  to  the  fpace 
the  points  would  have  pafled  through  in  their 
opening.  Suppofe  an  arc  of  a  circle  to  be  placed 
in  fuch  a  manner,  as  to  be  palfed  over  by  thefe 
points,  then  the  angles  will  be  in  proportion  to 
the  parts  of  the  arc  pafled  over;  and  if  the  whole 
circle  be  divided  into  any  number  of  equal  parts, 
as  for  example,  360,  the  number  of  thefe  com¬ 
prehended  between  the  points  of  the  compafles, 
will  denote  the  magnitude  of  the  angle.  This  is 
fufficiently  clear;  but  there  is  another  jCircum- 
ftance  which  beginners  are  not  often  fufficiently 
aware  of,  and  which  therefore  requires  to  be  well 
attended  to:  it  is,  that  the  angle  will  be  neither 
enlarged  nor  dimini ffied  by  any  change  in  the 
length  of  the  legs,  provided  their  pofition  remains 
unaltered;  becaufe  it  is  the  inclination  of  the 
legs,  and  not  their  diftance  from  each,  or  the 
fpace  between  them,  which  conftitutes  the  angle. 
So  that  if  a  pair  of  compafles,  w'ith  very  long 
legs,  were  opened  to  the  fame  angle  at  another 
fmallcr  pair,  the  intervals  between  their  refpe&ive 
points  would  be  very  different;  but  the  number 
of  degrees  on  the  circles,  fuppofed  to  be  applied 
to  each,  would  be  equal,  becaufe  the  degrees 
themfelves  on  the  fmaller  circle  would  be  exactly 
proportioned  to  the  fliortnefs  of  the  legs.  This 
property  renders  the  admeafurement  of  angle5 
very  eafy ;  becaufe  the  diameter  of  the  meafuring 
]  circi* 
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circle  may  be  varied  at  pleailirc,  as  convenience 
requires.  In  pradkc,  however,  the  magnitude 
inftruments  is  limited  on  -each  fide.  If  they 
be  made  very  large,  they  are  difficult  to  manage, 
and  their  weight  bearing  a  high  proportion  to 
*neir  ftrength,  renders  them  liable  to  change 
^  eh  figure,  by  bending  when  their  petition  is 
a  tered.;  but  on  the  contrary,  if  they  are  very 
mail,  the  errors  of  conftru&ion  and  graduation 
amount  to  more  confiderable  parts  of  the  divi- 
«°ns  on  the  limbs  of  the  inftrument. 

Of  the  Quadrant,  and  it’s  Uses. 

Eveiy  circle  being  fuppofed  to  be  divided  into 
f°  equal  Parts,  or  degrees,  it  ia  evident  that  90 
Agrees,  or  one-fourth  part  of  a  circle,  will  be 
^  cient  to  mealure  all  angles  formed  between  a 
j.  C  Perpendicular  to  the  horizon,  and  -other 
^,nes  which  are  not  directed  to  pbints  below  the 
CjVci-  Flg.  1,  pi.  XX.  is  a  drawing  of  a  very  fim- 
C  and  uibful  infirument  of  this  kind.  ABC 
quadrant  mounted  on  an  axis  and  pedeftal :  by 
nS  dle  ax*sJ  may  be  immediately  placed 
^y  vcrtlcal  P°firion,  and  the  pedeftal  being 
Pkce  l  J^C  ^  aX*S  circle  E  F,  lerves  to 

\vart]  n  ^  t^‘e  d*reftion  of  any  azimuth,  or  to - 
t,  d-S  any  P°ifit  of  the  compafs.  The  limb  A  B 
fr0in1V\dCd  int°  dcgrees  and  halves,  numbered 
%ht  r  ’  and  UPon  l^e  radius  B  C  are  fixed  two 
tS*  which  B  is  perforated  with  a  fmall  hole, 
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and  is  provided  with  a  dark  glafs,  to  defend  the 
eye  from  the  fun's  light;  and  the  other  fight  C 
has  a  larger  hole,  furnilhed  withcrofs  wires,  and 
alfo  a  fmaller,  which  is  of  ufe  to  take  the  fun  s 
altitude  by  the  projection  of  the  bright  image  of 
that  luminary  upon  the  oppofite  light.  From 
the  center  C  hangs  a  plumb  line  C  P,  The  hori¬ 
zontal  circle  F  E  is  divided  into  four  quadrants 
of  90  degrees;  and  an  arm  E,  connected  with  the 
pedeftal,  moves  along  the  limb,  and  confequent- 
ly  (hews  the  pofi lion  of  the  place  of  the  quadrant, 
as  will  hereafter  be  more  minutely  explained- 
Laftly,  the  ferews  G,  H,  l,  render  it  very  eafy  to 
fet  the  whole  inftrument  fteadily  and  accurately  in 
it’s  proper  pofition,  notwithftanding  any  irregu¬ 
larity  in  the  table  or  hand  it  may  be  placed 
upon. 

The  rationale  of  this  inftrument  is  very  clear 
and  obvious.  It  is  uled  to  meafure  the  angular 
diftance  of  any  body,  or  appearance,  either  from 
the  zenith  or  point  immediately  above  our  heads, 
or  from  the  horizon  or  level.  The  plumb  lme 
C  P  if  continued  upwards  from  C,  would  bc 
directed  to  the  zenith  Z ;  and  the  line  C  L,  fup' 
pofed  to  be  drawn  from  the  center  of  the  quadrat 
to  an  objcCt  L,  will  form  an  angle  L  C  Z,  wbi^ 
is  the  zenith  diftance,  and  is  equal  to  the  ang  e 
B  C  P,  formed  between  the  oppofite  parts  oft*1*' 
fame  lines.  We  fee,  therefore,  that  the  degr^ 
on  the  arc.  comprehended  on  the  limb  of  t» 

quadrant* 
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quadrant,  between  the  plumb  line  and  the  ex¬ 
tremities  next  the  eye,  meafure  the  angle  of  zenith 
di  dance. 

Again,  the  line  C  K  (forming  a  right  angle 
the  perpendicular  C  Z)  is  level,  or  hori¬ 
zontal  ;  the  angle  L  C  K  mult  therefore  be  the 
altitude  or  elevation  of  L  above  the  horizon;  and 
this  lalt  angle  mud  be  equal  to  the  angle  mea¬ 
sured  between  the  plumb  line  and  the  end  A 
Sarthed  from  the  eye  j  becaufe  both  thefe  are 
cqual  to  the  quantity  which  would  be  left,  after 
taking  the  zenith  didance  from  a  right  angle,  or 
the  whole  quadrant. 

The  determination  of  the  altitude  or  zenith 
didance  of  an  object  is  not  fufheient  to  afeertain 
11  s  place,  bccaufe  the  object  may  be  placed  in 
any  direction  with  refpect  to  azimuth,  or  the 
Points  of  the  compafs,  without  increafe  or  dimi- 
j^tjon  of  it’s  altitude.  Hence  it  is  that  an 
°nzontal  graduated  circle  is  a  neceflary  addition 
lo  a  quadrant  which  is  not  intended  to  be  always 
QScd  the  fame  plane.  The  bearing  or  polition 
an  object  relative  to  the  cardinal  points,  toge- 
er  with  the  altitude,  is  fufficient  to  afeertain  the 
Ucc  of  any  object  or  phenomenon. 

After  this  fhort  account  of  the  general  princi- 
^  ot  the  quadrant,  I  diall  proceed  to  fhew 
°^the  leading  problems  refolved  by  it. 
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PROBLEM  I. 

To  adjud  the  quadrant  for  obfervation. 

The  quadrant  is  adjuded  for  obfervation  when 
it’s  plane  continues  perpendicular  to  the  horizon, 
in  all  pofitions  of  the  line  of  light,  For  this  pur~ 
pofe,  bring  the  index  to  9Q0  on  the  horizon,  and 
turn  one  or  both  of  the  fcrews  which  are  fixed 
oppofite  6q°,  till  the  plumb  line  lightly  touches 
the  plane  of  the  quadrant.  Then  turn  the  index 
to  o°,  and  make  the  fame  adjudment,  by  means 
of  the  fcrew  at  q°,  and  the  quadrant  is  ready  for 
obfervation. 

Or  otherwife,  fet  the  index  at  o°,  and  obfervC 
the  degree  marked  by  the  plumb  line  on  the  limb; 
then  turn  the  index  to  the  other  o°  which  is  dia* 
metrically  oppofite,  and  obferve  the  degree 
marked  by  the  plumb  line  :  if  it  be  the  fame  as 
before,  there  will  be  no  occafion  to  alter  the 
fcrews  at  6o° ;  but  if  otherwife,  one  or  both  of 
thofe  fcrews  mull  be  turned,  till  the  plumb  lit10 
interfe&s  the  middle  degree  (or  part)  between  the 
two.  After  this  operation,  the  degree  marked 
by  the  plumb  line  mud  be  obferved,  as  before* 
by  fetting  the  index  at  both  the  90®,  and  the  ad' 
judment  of  the  plumb  line  to  the  middle  didancC 
mud  be  made  by  the  fcrew  at  O,  taking  care 
to  touch  the  other  fcrews. 

The  latter  method  of  adjudment  being  iri°r^ 

accurate 


accurate  in  praftice,  may  be  ufed  after  the 
former.* 

PROBLEM  II. 

To  find  the  diftancc  of  an  object  on  the  earth, 
by  obfervations  made  from  two  ftations  on  the 
fame  level. 

OBSERVATIONS. 

Chufc  two  ftations,  between  which  the  ground 
is  level,  and  place  a  vifible  mark  on  each.  The 
diftance  betw  een  them  ought  not  to  be  lefs  than 
the  feventh  cr  eighth  part  of  the  eftimated 
diftance  of  the  objects  ;  and  neither  ftation  ought 
to  be  eonfiderably  nearer  the  objedl  than  the 
°ther.  Meafure  the  diftance  between  the  fta¬ 
tions,  by  means  of  meafuring  poles,  a  chain,  or 
a  piece  of  ftretched  cork.  From  one  ftation 
direct  the  quadrant  to  the  object,  by  looking 
through  the  hole  in  one  light,  and  moving  the 
upright  axis  about,  till  the  objedl  is  feen 
through  the  hole  in  the  other,  exactly  at  the  in- 
terfeCtion  of  the  crofs  wires.  Obferve  the  degrees 
and  parts  fhewn  by  the  index  on  the  horizontal 
Mm3  circle ; 

The  larger  or  more  expenfive  inftruments  have  appa- 
*atus  for  fetting  the  axis  of  motion  at  right  angles  to  the 
Planes  of  the  horizontal  circle  and  quadrant,  the  line  of  light 
collimation  parallel  to  the  radius  palling  through  90°, 
c*  &c.  In  the  fmall  inftruments,  described  in  the  text, 
c!e  adjuftments  are  made  by  the  workman* 
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circle;  then  direct  the  quadrant  in  the  fame 
manner  to  the  mark  of  the  other  ftation,.  and 
obferve  the  degrees  and  parts  fhewn  by  the  in¬ 
dex.  The  number  of  degrees  and  parts  inter¬ 
cepted  between  this  and  the  former  polition 
of  the  index,  is  the  angle  at  the  firft  ftation. 
The  fame  operations  repeated  at  the  fecond  fta- 
tion,  w  ill  give  the  angle  at  that  ftation. 

SOLUTION. 

Take  the  fum  of  the  two  obferved  angles 
from  90°,  and  the  remainder  will  be  the  angle 
under  which  the  two  ftation-marks  would  be. 
feen  from  the  objed.  Then 
As  the  fine  of  the  angle  at  the  objed 
Is  to  the  fine  of  the  angle  at  one  ftation  ? 

So  is  the  diftance  between  the  ftations 
To  the  diilance  of  the  objed  from  the  other 
Hation. 

Thefc,  and  all  other  proportions,  may  be 
folved  by  the  logarithms,  or  more  fpeedily  by 
the  Gunter’s  rule*. 

Solution  of  the  Problem  by  Protraction* 

From  a  fcale  of  equal  parts  lay  down  a  right 
line,  to  reprefent  the  meafured  bafe. 

By  means  of  the  protrador,  or  by  the  com¬ 
pares  and  line  of  chords,  draw  a  line  from  each 

extre- 
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extremity  of  the  bafe,  refpetftively  forming  an¬ 
gles  equal  to  thofe  actually  obferved. 

Continue  thefe  lines  till  they  interfe<5t. 

The  interval  between  the  point  of  interfec- 
tion,  and  one  extremity  of  the  bafe,  being  taken 
between  the  compares,  and  applied  to  the  line 
of  equal  parts,  will  fhew  the  diftance  between 
the  objedl  and  the  ftation  reprcfented  by  that 
extremity. 

This  problem  may,  in  cafes  offmall  diftance, 
be  conveniently  applied  to  a  baft?  line  meafured 
within  a  room,  and  the  oblervations  taken  out 
at  the  windows. 

PROBLEM  III. 

To  find  the  diftance  of  the  foot  of  a  tower,  by 
obfervations  made  on  the  upper  part. 

The  folution  of  this  problem  confifts  in 
taking  obfervations  on  the  fummit,  in  the  fame 
manner  as  in  the  foregoing  problem.  The 
diftance  deduced  from  the  horizontal  angles 
will  be  that  of  a  point  in  the  horizon,  immedia¬ 
tely  beneath  the  part  on  which  the  obfervations 
were  made. 

PROBLEM  IV. 

find  the  height  of  a  fpire,  a  mountain,  or 
any  other  cleva.ion. 
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Cafe  i.  When  the  diflance  of  the  point  im'*" 
mediately  beneath  the  fummit  can  be  mea^ 
i'u  red. 

Obferve  the  angle  of  altitude  with  the  qua¬ 
drant,  by  viewing,  the  fummit  through  the  fights, 
and  noting  the  degrees  and  parts  indicated  by  the 
interfedion  of  the  plumb  line.  Meafurealfo 
the  horizontal  diflance. 

Then, 

As  the  co-fine  of  the  obferved  angle 
Is  to  the  fine  of  the  obferved  angle; 

So  is  the  meafured  diflance 
To  the  height  required. 

Or  by  conflrudion.  Draw  a  right  line  equal 
to  the  meafured  bafe,  taken  from  a  fcale  of  equal 
parts. 

Ered  a  perpendicular  from  one  extremity, 
and  from  the  other  draw  a  line  inclined  towards 
the  perpendicular,  and  forming  an  angle  with 
the  bafe,  equal  to  the  obferved  angle. 

The  interval  between  the  interfedion  of  this 
lafl  line,  and  the  perpendicular,  and  the  lower 
extremity  of  the  perpendicular  itlclf,  being  taken 
in  the  compaffes,  and  applied  to  the  line  of 
equal  parts,  will  fhew  the  height  required. 

Cafe  2.  When  the  diflance  of  the  point  im^ 
mediately  beneath  the  fummit  cannot  be  mefr** 
fured. 
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Find  the  diftance  by  prob.  iii.  and  the  height 
by  cafe  i,  of  the  prefent  problem :  or  other- 

*ife, 

Meafure  a  bafe  line  diredtly  towards  the  ob¬ 
ject,  and  take  the  altitude  from  each  end  of  the 
bafe. 

Then, 

Add  the  obferved  altitudes  together;  and 
fubtracft  the  fum  from  1 80  degrees. 

Then, 

As  the  fine  of  this  difference 
Is  to  the  fine  of  the  lefs  altitude ; 

So  is  the  bafe  line 

To  the  direct  diftance  between  the  fumgnit  and 
the  nearer  end  of  the  bafe  line. 

And, 

As  radius 

F  to  the  fine  of  the  greater  altitude ; 

So  is  the  diftance  laft  found 
To  the  height  required. 

Or  by  conftrudtion.  Set  off  the  bafe  line,  and 
from  it’s  extremities  draw  lines  inclined  to  the 
bafe  in  the  refpeeftive  angles  obferved,  but  in  fuch 
a  manner,  as  that  the  lefs  angle  may  be  formed 
by  the  bafe  itfelf,  and  the  greateft  by  the  pro¬ 
longation  of  the  bafe. 

Thefe  lines  will  interfedf. 
btom  the  point  of  interfedtion  let  fall  a  per¬ 
pendicular 
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pendict  lar  on  the  prolongation  of  the  bafe,  and  it 
will  give  the  height  required. 

The  firft  method  of  folving  this  cafe  is  in 
general  the  belt  in  practice.  It  is  for  the  mod 
part  much  more  eafy  to  find  a  bafe  fufficiently 
long  and  level  between  two  ftations,  nearly  equi- 
diftant  from  the  eminence,  as  the  firft  requires, 
than  in  a  direction  towards  it,  becaufe  the  ground 
ufually  rifes  irregularly  towards  mountains. 
And  in  the  latter  cafe  alfo,  if  the  difference  be¬ 
tween  the  two  altitudes  be  not  very  conliderable, 
the  refult  w  ill  be  rendered  erroneous  by  a  very 
fmall  inaccuracy  of  obfervation. 

problem  v. 

To  plot  a  field  by  a  bafe  line  meafured  in  the 
middle. 

Set  up  marks  in  the  corners  or  angles,  and 
meafure  a  line  in  the  field  in  fuch  a  direction, 
as  that  it  may  be  as  far  as  pofiible  from  pointing 
towards  any  of  the  angles.  Diredt  the  fights 
from  one  end  of  the  bafe  to  each  of  the  angle5 
fuccefilvely,  and  alfo  to  the  other  extremity  of 
the  bafe,  carefully  noting  the  degrees  and  parts 
of  the  horizontal  circle,  indicated  by  the  index* 
Repeat  the  like  operations  at  the  other  end  of  the 
bafe  line. 

Conftruction.  Draw  a  faint  line  upon  papef> 
upon  which  fet  off,  from  a  fcale  of  equal  part5* 

the 
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the  meafured  bafe.  From  it’s  extremities  draw 
hnes,  forming  the  refpe<£tive  angles  obferved* 
The  interfe&ions  of  thofe  lines  will  fhew  the 
corners,  or  angles,  of  the  field,  and  mull  be  join- 
cd  by  right  lines. 

This  problem  being  nothing  more  than  a  de¬ 
termination  of  the  polition  of  the  angular  points 
^ith  refpetfl  to  the  bafe  line,  by  prob.  1,  will  be 
^cre  accurate  in  practice,  the  more  nearly  the 
conditions  there  exprefied  are  adhered  to.  If  a 
hafe  line  cannot  be  had  in  view  of  all  the  angles, 
ar*d  in  a  convenient  polition,  two  or  more  bafe 
lines  may  be  meafured,  and  conncdled  together 
hy  the  obfervation  of  the  requilite  angles ;  or  the 
three  tides  of  a  triangle  may  be  meafured  in  the 
held,  according  to  the  diferetion  of  the  ingenious 
learner,  and  the  bearings  of  the  corners  o  1  the 
held  taken  from /u ch  extremities  of  any  of  thefe 
Meafured  lines,  as  are  bed  adapted  to  the  pur- 
pofe.* 

As 

*  It  may  be  proper  to  obferve,  for  the  ufe  of  fuch  as  are 
^acquainted  with  furveying  of  land,  that  the  Englilh  acra 
ls  4840  fquare  yards,  and  that  land  is  moft  conveniently 
featured  by  the  Gunter’s  chain  of  22  yards  in  length,  di- 
v,(l^d  into  too  links ;  becaufethe  fquare  chain,  or  22  mul- 
tlphed  by  22,  equal  to  484,  is  exactly  the  tenth  part  of  an 
*Cre*  If  the  plot  of  a  field  meafured  in  chains  and  links, 
therefore  made  upon  paper,  and  divided  into  a  num- 
r  °f  triangles,  by  drawing  right  lines  within  it,  the  bafe 
*n4  perpendicular  of  each  triangle  may  be  meafured  from 


As  this  method  is  very  far  from  being  labors 
©us,  the  pra&itioner  will  do  well  to  meafure  the 
field  twice,  from  a  different  bafe  each  time* 

PROBLEM  VI* 

To  plot  a  field,  by  meafuring  the  fides  and 
angles. 

Set  up  marks  at  each  of  the  angles,  and  at 
every  one  of  thefe  marks  direCt  the  quadrant  to 
the  two  adjacent  marks  on  each  fide.  The  num¬ 
ber  of  degrees  and  parts  between  the  two  po- 
litions  of  the  index  on  the  horizontal  circle,  wifi 
fhew  the  angle  at  the  ftation  where  the  obferva- 
tion  is  made.  Meafure  the  diftance  to  the  next 
ftation,  and  obferve  the  angle  there  in  the  fam<* 
manner.  And  thus  proceed  completely  round 
the  field. 

ConftruCtion.  From  the  fcale  of  equal  parts 
draw  a  line  equal  to  the  firft  meafured  fidO 
and  from  it’s  extremities  draw  two  lines,  for¬ 
ming  angles  equal  to  thofe  a&ually  obferved. 

Make 

tlie  fcale  of  equal  parts,  and  half  their  produft  will  be  tbc 
area  of  the  triangle  in  fquare  chains ;  the  fum  of  all  the 
areas  of  the  triangles  will  be  the  area  of  the  field,  whid1 
divided  by  to,  will  fhew  the  number  of  acres ;  the  rema»n' 
ing  decimal  fra&ion  multiplied  by  4,  gives  the  roods;  an 
the  decimal  part  of  this  lafl  produft  multiplied  by  40, 
the  perches.  « 
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Make  thefe  laft  lines  equal  to  the  fides  they 
reprefent,  and  from  their  extremities  draw  two 
°ther  lines  at  angles  refpedtivcly  found  by  obfer- 
Vation. 

Proceed  thus,  till  the  whole  field  is  plotted. 

When  all  the  angles  of  a  field  are  thus  mea- 
fured,  their  fum,  if  the  operation  has  been  truly 
made,  will  be  equal  to  twice  as  many  right  an¬ 
gles,  dedudting  four,  as  there  are  angles  in  all, 
provided  they  be  all  inward  angles.  But  if  any 
Of  them  be  outward  angles,  their  refpedtive  fup- 
plements  to  360°  muft  be  taken  in  making  up 
the  fum  inftead  of  the  angles  themfclves.  When 
the  fum  proves  either  greater  or  lefs  than  juft  the 
figure,  it  will  not  anfwer  on  paper ;  and  as  obfer- 
Nations  made  with  fmall  inftruments  cannot  be 
expe<fted  to  be  free  from  perceptible  errors,  it 
"  ill  be  expedient  to  correct  the  angles  by  adding 
Or  fubtradting  fuch  defedt  or  excefs,  to  or  from 
all  the  angles,  in  proportion  to  their  magnitude, 
or  more  readily  in  equal  proportions  among 
them. 

This  way  of  meafuring  is  much  ufed  in 
America,  by  the  meafuring  wheel  and  mariner’s 
oornpafs,  and  is  applicable  to  exteniive  woody 
Or  mountainous  tradts  of  land,  where  great  ac¬ 
curacy  is  not  required.  It  may  alfo  be  ufed  in 
conjundtion  with  other  methods,  for  delineating 
a  fea-coaft,  &c. 


To  find  the  altitude  and  height  of  fire  balls,  and 
other  meteors,  in  the  atmofphere. 

Though  the  extreme  velocity  and  tranfient 
nature  of  fiery  meteors  in  the  atmofphere  in  a 
great  meafure  prevents  the  making  oi  fuch  ob- 
fervations  as  might  tend  to  afeertain  their 
diftance,  yet  they  form  a  fubjedt  of  inquiry  fo 
curious  and  interefiing,  as  renders  fuch  as  can  be 
made  of  great  value.  An  obferver,  who  per¬ 
ceives  an  appearance  of  this  kind,  ought  care¬ 
fully  to  note  the  buildings,  trees,  fiars,  &c.  near 
which  it  pafles;  and  as  foon  afterwards  as  con¬ 
venient  take  their  altitude  and  bearings.  If  two 
fuch  obfervations  be  taken  by  perfons  at  dif¬ 
ferent  places,  fufficiently  diftant  from  each  other, 
the  diftance  on  the  earth  may  be  confidered  as 
the  bafe,  and  from  this  and' the  two  obferved 
angles  the  height  of  the  meteor  may  be  found  by 
problem  ii.  / 

By  obfervations  of  this  kind  it  has  been  found, 
that  the  larger  fire  balls  are  elevated  about  6 o 
miles  above  the  earth’s  fiirface,  and  that  fomc 
of  them  are  near  five  miles  in  diameter. 

problem  viii. 

To  find  the  height  of  a  cloud,  by  obfervation 
of  a  flalh  of  lightning. 

If  the  altitude  of  that  part  of  a  cloud,  from 
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which  a  flafii  of  lightning  has  iffued,  be  imme¬ 
diately  taken  w  ith  the  quadrant,  and  the  number 
°1  feconds  of  time  elapfed  between  the  infiant  of 
lhe  fiafii,  and  the  firff  arrival  of  the  thunder  be 
reckoned,  thefe  data  will  be  fufficient  to  deter¬ 
mine  the  height  of  the  thunder  cloud.  For 
found  is  admitted  to  pafs  through  1 142  feet  in 
a  fecond;  but  light  has  fuch  an  extreme  velo¬ 
city,  that  it  paifes  through  thirty-five  thoufand 
miles  in  a  fecond,  and  may  therefore  be  rec¬ 
koned  inftantaneous  in  all  obfervations  upon  the 
earth.  Hence  it  follows,  that  the  number  o£ 
feconds  obferved,  multiplied  by  1142,  will  give 
the  difiance  of  the  cloud  in  feet;  and 

As  radius 

Is  to  the  fine  of  the  obferved  angle; 

So  is  the  difiance  of  the  cloud 

To  it’s  height. 

Or  by  confirudtion.  From  a  point  in  any 
right  line,  draw  another  right  line,  forming  the 
obferved  angle.  Set  off  on  this  left  line,  from 
the  angular  point,  the  difiance  of  the  cloud, 
taken  from  a  fcale  of  equal  parts.  From  the 
Cjttreme  of  the  lafi-mentioned  line  let  fall  a  per¬ 
pendicular  on  the  other  line ;  and  this  perpen¬ 
dicular  will  be  the  height  required. 

H  theflafh  of  lightning  ffrike  direcffly  down, 
the  height  of  the  cloud  will  alfo  be  the  length  of 
the  fialh.  jgut  this  is  not  often  the  cafe. 

problem 
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.  PROBLEM  IX. 

To  determine  the  height  of  a  cloud,  by  obferva- 
tions  on  it’s  altitude  and  velocity. 

When  the  fky  abounds  with  detached  clouds, 
moving  with  confidcrable  velocity,  it  is  eafy  to 
determine  the  degree  of  fwiftnefs,  by  obferving 
the  progrefs  of  their  fhadowrs  which  pafs  along 
the  ground.  For  this  purpofe,  nothing  more  is 
neceflary,  than  to  note  the  inftants  of  time  when 
one  of  thefe  fhadows  pafles  over  two  objeds, 
fuch  as  hedges,  trees,  &c.  lying  in  it’s  diredion; 
and  to  meafure  the  interval  pafled  over,  during 
the  intermediate  time.  When  this  velocity  is 
thus  found,  place  the  plane  of  the  quadrant  in 
the  direction  of  the  wind,  and  fetting  the  lights 
to  a  conliderable  altitude,  to  be  written  down, 
take  notice  of  fome  remarkable  edge  of  a  cloud, 
which  pafles  acrofs  the  wire  in  the  aperture  of 
the  fartheft  light,  giving  notice  at  the  fame  in- 
If  ant  to  an  afliftant  to  note  the  time.  Then  move 
the  quadrant  on  it’s  axis  twenty  or  thirty  de~ 
grees,  and  give  the  like  notice  to  the  afliftant 
when  the  fame  part  of  the  cloud  pafles  the  wire; 
writedown  this  laft  altitude.  The  perpendi¬ 
cular  height  of  the  cloud  will  be  found  by  the 
following  proportions. 


2 


As 


OF  THE  QUADRANT,  See.  $6l 

As  the  number  of  feconds  obfcrved  when  the 
ihadow  of  the  former  cloud  was  feen  on 
the  ground 

Is  to  the  number  of  feconds  elapfed  between  the 
two  obfervations  with  the  quadrant; 

So  is  the  diftance  meafured  on  the  ground 
°  r^e  diftance  palfed  through  by  the  cloud 
( whofealtitude  was  taken )  during  the  time 
of  obfervation. 

Then, 

S  the  fine  °f  the  difference  between  the  fumof 
the  two  altitudes  and  i8o° 

Js  to  the  fine  of  the  lefs  altitude; 
o  is  the  diftance  pafled  over  by  the  cloud, 

P  it  s  diftance  from  the  obferver,  when  the 
greater  altitude  was  taken. 

And  laftly. 

As  radius 

*s  to  fine  of  the. greater  altitude; 
is  the  diftance  laft  found 
0  the  perpendicular  height  of  the  cloud. 

problem  x. 

0  find  the  altitude  of  the  fun,  or  any  other 
‘celeftial  body. 

qu^S  confifts  in  the  fimple  application  of  the 
3s  h  t0  a  cc^efi-iai  body,  in  the  fame  manner 
trj,as  ulready  been  Ihewn  with  regard  to  terref-  . 
5cj-  ^kje&s.  The  quadrant  being  reiftified  or 
Ju  cd  by  problem  i,  as  it  mult  be  in  all  cafes 
.  N  n  previous  > 
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previous  to  it’s  ufe,  the  celeftial  body  mud  be*' 
viewed  through  the  fights,  and  the  plumb-line 
will  fhew  it’s  altitude  on  the  graduated  limb  of 
the  inftrument.  If.  the  obfervation  be  made  on > 
the  fun,  the  dark  glafs-  mud  be  ufed  to  defend 
the  eye,  or  the  luminous  fpot  formed  by  the 
fmaller  hole  of  that  fight  which  carries  the  crofs  /■  I 
v  ires,  mud  be  made  to  fall  on  the  mark  on  the 
other  light  which  lies  immediately  beneath  the  I 

eye-hole. 

I 

P  R  O  BL  E  M  XI, 

To  find  the  latitude  of  the  place  of  obfervation,  ' 
When  the  fun,  or  a  dar,  is  nearly  on  the  me-  1 
ridian,  or  a  few  minutes  before  twelve  at  noon,1 
take  it’s  altitude, -and  repeat  this  operation  atr 
fhort  intervals  eftime,  till  it  is  found  not  to  in 
creafe,  but  diminidr.  •  This  lad  or  greated  alti¬ 
tude  is  the  meridian  altitude/ 

In  places  where  the  fun  does  nct'fet,-  th6 
lead  altitude  is  the  meridian  altitude  beneath  che 
pole. 

The  rule  for  finding  the  latitude  by  the  me¬ 
ridian  altitude  of  an  objetf:  not  beneath  the  pol<V 
is  as  follows:  I 

If  the  co-altitude  and  declination*  be  of  thc 

fame  name,  (that  is,  either  both  north,  or  bot 
fouth)  their  difference  will  be  the  latitude;  if  0 

differed 

*  The  declination  of- the-  fun,  and  mod  other  moV 
celaftial  bodies,  is  to  be  found-in  the  e^hemcridesr 
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^ifferent  names,  their  fum  will  be  the  latitude, 
nd  the  latitude  will  always  be  of  the  fame 
ame  with  the  declination,  excepting  when  the 
eclmation  has  been  fubtrafted  from  the  co- 
laUtude. 

But  when  the  altitude  is  beneath  the  pole,  the 
blowing  is  the  rule: 

Add  the  altitude  and  the  co-declination  toge- 
cr,  and  the  fum  will  be  the  latitude  of  the  fame 
ttc  with  the  declination. 

problem  xiu 

O  find  the  time  by  equal  altitudes  of  the  fun. 

alfo  thedm  Kh  ^  altitude  in  the  morning,  and 
lo  the  time  by  a  clock  or  watch.  Leave  the 

it's  n  <nt  *he  rame  fixation,  taking  care  that 
'  pohtion  be  not  altered  by  any  accident!  and 

the  aftClnoon  dire,a  k  t0  the  fun,  by  moving 
tt]e  mdcx  of  the  horizontal  circle  only.  Add 
e  time  when  the  fun's  altitude  correfponds 

m0rnithat  W.  Wh'Ch  thC  quadrant  was  fet  in  the 
'‘me  lr>e '  '  '1C  m'ddk  inihmt  between  the  two 

1,00;  °  ;brCTti""'  is  «»**  time  of  apparent 
the  »'  COrrCi£l  thlS’  hy  adding  °r  fiibtracting 
of,. quatlon  of  time,  and  it  will  lhew  the  rime 
is  rbi?"°,0n-  If  k  bc Pmcifely  XII,  the  clock 
flower  :,but  ‘fi'tdifffr,  the  clock  is  fafter  or 

Ot  I,,/’ .  '  tbe  quantity  of  the  difference  greater 
ls  cliaii  XII. 

Nn  2  -  problem 


m- 
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PROBLEM  XIII. 

To  draw  a  meridian  line,  or  to  find  the  cardinal 
points  of  the  compafs,  by  equal  altitudes  of 
the  fun,  or  a  ftar. 

If  equal  altitudes  of  the  fun  be  taken  as 
directed  in  the  foregoing  problem,  and  the  place 
of  the  index  on  the  horizon  circle  be  carefully 
noted  at  each  time  of  obfervation,  the  middle 
degree  or  part  between  each,  w ill  be  the  place 
where  the  index  will  (land,  when  the  fights  of 
the  quadrant  are  di reded  to  the  fouth,  or  north, 
according  as  the  fun  is  to  the  fouthward  or 
northward  of  the  place  of  obfervation  at  noon* 
Set  the  index  to  this  middle  point,  and  dired 
the  fights  of  the  quadrant  to  fome  remote  and 
fixed  objed  on  the  earth.  This  objed  will  "be 
a  fouth  meridian  mark,  and  will  ferve  to  fet  the 
quadrant  at  any  future  time.  Then  take  up  the 
inftrument,  and  after  fetting  the  index  to 
place  again  on  the  table,  or  fupport,  and  move 
the  whole  inftrument,  not  by  any  of  it’s  parts, 
but  entirely  about  upon  the  table,  till  the  figbj 
are  truly  direded  to  the  meridian  mark.  A 
juft  the  horizontal  circle  by  prob.  i,  and  the 
index  will  then  ferve  tofhew  the  true  bearing  0 
any  objed;  becaufe  the  diameter  joining  ^ 
two  zeros,  or  oo’s,  anfwers  to  the  meridian 
If  the  table,  or  fupport,  be  immoveable, 
will  be  proper  to  make  threeonarks,  or  indent3 
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tions,  to  receive  the  points  of  the  fcrews;  by 
which  means  the  horizontal  circle  may  be  in- 
ftantly,  at  any  time,  fet  in  it’s  proper  polition, 
with  refpedt  to  the  cardinal  points  of  the  ho¬ 
rizon. 

Obfervations  of  equal  altitude  are,  generally 
fpcaking,  better,  the  greater  the  interval  is  be¬ 
tween  them,  not  exceeding  12  hours;  and  thefe 
obfervations  on  the  fun  require  fome  corre&ion; 
on  account  of  the  change  ef  it’s  declination 
during  the  time  of  obfervation.  The  young 
aftronomer  with  fmall  inftruments  may,  how¬ 
ever,  negled  this ;  and  indeed  it  is  of  little  con- 
fequence  about  the  folftices,  when  the  fun's  de¬ 
clination  changes  very  fiowly. 

It  often  happens  that  there  is  not  any  window 
Jn  a  houfe,  from  which  the  fun  can  be  feen 
Corning  and  evening.  In  this  cafe,  the  meri¬ 
dian  may  be  determined  by  obfervations  of 
cqual  altitude  of  the  pole  liar,  or  any  other  near 
the  pole. 

problem  xiv, 

"To  find  the  time  by  the  fun’s  tranfit  over  the 
meridian. 

Adjuft  the  quadrant  to  the  cardinal  points  by 
the  laft  problem,  a  Ihort  time  before  noon.  Set 
the  index  to  o,  and  elevate  the  quadrant,  fo  that 
the  lhadow  of  the  fight  with  the  crofs  wires  may 
fall  upon  the  other.  As  the  inftant  of  apparent 
N  n  3  noon 
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noon  approaches,  the  bright  fpot  formed  by  the 
fun’s  light  through  the  lower  hole  in  the  former 
fight,  will  be  feen  approaching  the  mark  on  the 
latter.  If  the  obferver  chufes  to  look  at  the 
fun,  he  mult  now  put  up  the  dark  glafs,  and 
apply  to  the  obfervations.  The  inftants  when 
the  firft  limb  or  edge  of  the  fun  appears  to  touch 
the  perpendicular  wire,  and  alfo  when  the  lat¬ 
ter  limb  appears  to  leave  it,  muft  be  noted  by 
the  clock  or  watch.  The  middle  time  is  th§ 
apparent  noon.  Or  if  he  chufes  to.  obferve  by 
the  bright  fpot  only,  the  inftant  when  the  fpot 
is  feen  upon  the  mark  is  the  apparent  noon. 
And  this,  corrected  by  the  equation  of  time,  as 
directed  in  prob.  xii.  will  (hew  how  mych  the 
clock  is  faft  or  flow. 

PROBLEM  XV. 

To  find  the  time  by  an  obfervation  of  the  fun’s, 
altitude  and  azimuth. 

Adjuft  the  inflrument  to  the  cardinal  points, 
and  obferve  the  Tun’s  altitude.  Take  notice 
likewife  of  the  angle  of  azimuth  from  the*  meri¬ 
dian,  as  (hewn  by  the  index. 

Then, 

As  the  fine  complement  of  the  fun’s  declina¬ 
tion 

Is  to  the  fifce  complement  of  the  altitude; 

So  is  the  fine  of  the  azimuth  *  • 

To  the  fine  of  the  fun’s  horary  angle. 


Which 
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Which  laft  being  reduced  into  time,  by  allow¬ 
ing  fifteen  degrees  to  one  hour,  and  in  propor¬ 
tion  for  the  other  parts,  gives  the  apparent  time, 
if  afternoon;  but  if  before  noon,  it  muft  be  de- 
du&ed  from  12  hours,  to  give  the  time.  This 
apparent  time  muft  be  corre-fted  by  the  equa¬ 
tion,  as  in  problem  xii. 

vOf.tiie  Equatorial,  or  universal  Sun-Dial, 
and  it’s  Uses. 

The  plumb-line,  or  direction  in  which  gra- 
a^s>  being  the  only  line  we  can  at  all  times 
have  immediate recourfe  to,  for  determining  the 
pofitions  of  objects,  is  the  chief  particular  to 
*  hich  the  circles  in  the  inftrument  laft  deferibed 
adapted;  and  accordingly  their  planes  are 
Placed  the  one, parallel,  and  the  other  perpendi- 
Cl]lar  to  that  line.  But  as  -there  are  few  places 
°n  the  earth  whofe  vertical  or  horizontal  circles 
^rrefpond  with  thofe  in  which  the  celeftial 
Motions  are  performed,  it  was  found  neceflary, 
at  a  very  early  period,  to  conftrudt  inftruments 
^apted  not  only  to/the  meafurement  of  altitudes 
^hd  azimuths,  but  alfo  to  follow  the  heavenly 
dies  in  their  rcfpe<ftive  paths,  and  determine 
cir  right  afeeniions  and  declinations,  more 
^mediately  than  can  be  done  by  the  quadrant 
°d  Horizontal  circle.  The  equatorial  is  the 

ln°ft  approveti  modern  inftrument  for  this  pur- 
<Pcfo. 


JM’  n  * 
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It  confifts  of  the  following  parts : 

An  horizontal  circle  E  F,  plate  XX,  fig.  2, 
divided,  like  that  of  the  former  inftrument,  into 
four  quadrants,  of  90°  each.  But  inftead  of  a 
moveable  index  there  is  a  fixed  nonius  plate  at 
N,  and  the  circle  itfelf  may  be  turned  on  it’s 
axis. 

In  the  center  of  the  horizontal  circle  is  fixed 
a  ftrong  upright  pillar,  which  fupports  the  cen¬ 
ter  of  a  vertical  femicircle  A  B,  divided  into 
two  quadrants  of  90°  each.  This  is  called  the 
femicircle  of  altitude,  and  fupplies  the  place  of 
the  quadrant  in  the  former  inftrument  j  but  it  is 
more  extenfively  ufeful,  becaufe  one  quadrant 
ferves  to  meafurc  altitudes,  and  the  other  de- 
preftions.  It  has  no  plumb-line,  but  a  nonius 
plate  at  K, 

At  right  angles  to  the  plane  of  this  femicircle, 
thie  equatorial  circle  M  N  is  firmly  fixed.  It  re- 
prefents  the  equator,  and  is  divided  into  twice 
twelve  hours,  every  hour  being  divided  into 
twelve  parts,  of  five  minutes  each. 

Upon  the  equatorial  circle  moves  another  cir¬ 
cle,  with  a  chamfered  edge,  carrying  a  nonius, 
by  which  the  divifions  on  the  equatorial  may  be 
read  off  to  lingle  minutes;  and  at  right  angles 
to  this  moveable  circle,  is  fixed  the  femicircle 
of  declination  D,  divided  into  two  quadrants  of 
9C>9  each. 

The  piece  which  carries  the  fights  O  P  lS 

fixed 
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fixed  to  an  index  moveable  on  the  femicircle  of 
declination,  and  carrying  a  nonius  at  The 
O,  to  which  the  eye  is  to  be  applied,  has 
tw°  fmall  holes,  and  a  dark  glafs  for  covering 
either  occafionally ;  and  the  fight  P  has  two 
pieces  fcrewed  on,  the  lower  having  a  fmall 
°le  to  admit  the  folar  ray,  and  the  upper  carries 
tWo  crofs  wires. 

Laftly,  there  are  two  fpirit  levels  fixed  on  the 
horizontal  circle  at  right  angles  to  each  other. 

The  following  are  among  the  many  problems 
v'fiich  may  be  folved  with  peculiar  facility,  by 
^ans  of  this  ufeful  inftrument. 

problem  xvi. 

To  adjuft  the  equatorial  for  obfervation. 

Set  the  inftrument  on  a  firm  fupport.  Firft, 
adjuft  the  levels,  and  the  horizontal  or  azi- 
j^uth  circle.  Turn  the  horizontal  circle,  till  the 
egtnning  O  of  the  divifions  coincides  with  the 
J^tddle  ftroke  of  the  nonius,  or  near  it.  In  this 
dilation,  one  of  the  levels  will  be  found  to  lie 
eitHer  in  a  right  line  joining  the  two  feet  ferews  < 
^hich  are  neareft  the  nonius,  or  elfe  parallel  to 
Uch  a  right  line.  By  means  of  the  tw  o  laft- 
^ntioned  ferews,  caufe  the  bubble  in  the  level 
^ccorne  ftationary  in  the  middle  of  the  glafs  ; 

^  en  turn  the  horizontal  circle  half  round,  by 
^rmging  the  other  O  to  the  nomus;  and  if  the 
ubt>le  remains  in  the  middle,  as  before,  the 

level 
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level  is  well -adju  fled;  if  it  docs  not,  corre&tltf? 
pofition  of  thedevd,;  by.  turning  one  or  both  of 
the  fcrews  which  pafs  through  it’s  ends,  (by 
means  of  a  turn-fcrew)  till  the  bubble  has  moved 
half  the  diflance  it  ought  ;to:  come  to  reach  the 
middle;  and  caufe  it  to;  move  the  other  half,  by 
turning  the  foot  fcrews  already-mentioned.  Re¬ 
turn  the  horizontal  circle  to  it’s  firfl  pofition* 
and  if  the  adjuflments  have  been  well  made,  the 
(bubble  will  remain  in  the  middle;  if  otherwife, 
the  procefs  of  altering  the  level  and  the  foot- 
fGrews,  with  the  .reverfing.,  mufi  be  repeated  till 
it  bears  this  proof  of  it’s  accuracy.  Then  turn 
ihe  horizontal  circle  till  90°  (lands  oppofite  to 
«thc  nonius;  and  by  the  foot-fcrc w,  immediately 
oppofite  the  other  90®,  (without  touching ‘the 
others)  caufe.the  hubble  of  the  fame  level  to 
Hand  in  the  middle  of  thegkfs.  Laftly,  by  it'* 
own  proper  fcrews  fet  the  other  level  (not  yet 
attended  to)  fo  that  it’s  .bubble  may  occupy  th.c 
•middle  of  it’s  glafs. 

Secondly,  to  adjufl  the  line  of  fight.  Set  the 
nonius  on  the  declination  femicirclc  at  O;  the 
nonius  on  the  horary  circle  at  VI ;  and  the  nonius 
on  the  fcmicirde  of  altitude  at  90°.  Look 
through  the  fights  towards  fome  part  of  the  hori¬ 
zon,  where  there  is  a  diverfity  of  remote  objects- 
Level  the  horizontal  circle,  and  then  obferve 
w  hat  objcdl  appears  on  the  center  of  the  crofc 
wires.  Reverie  the  femicirclc  of  altitude, 

that 
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^Kat  the  other  90°  may  apply  to  the  nonius  5 
^king  care,  at  the  fame  time,  that  the  other 
*kree  noniufes  continue  at  the  fame  parts  of  their 
refpedive  graduations  as  before.  If  the  remote 
^kjed  continues  to  be  feen  on  the  center  of  the 
*°f*  "ires,  the  line  of  fight  is  truly  adjuftcd; 
Ut  if  not,  unfcrew  the  two  fcrews  which  carry 
e  frame  of  the  crofs  wires,  and  move  the  frame 
^  the  interfedion  appears  to  lie  on  a  new  obje<5^ 
,alf  NvaY  between  the  objed  fir  ft  obferved,  and 
1  at  to  which  the  wires  are  applied  in  the  laft 
P°iition.  Return  the  femicircle  of  altitude  to 
Jt’s  original  pofition  :  if  the  interfedaon  of  the 
^ires  be  then  found  to  be  on  the  objed  to  which 
*hey  were  laft  direded,  the  line  of  fight  is  truly 
Mjufted ;  but  if  not,  the  frame  muft  be  again  al- 
Clcd  as  before:  and  the  fame  general  operation 
^uft  be  repeated,  till  the  crofs  wires  in  both 
P°fitions  apply  to  the  fame  objed. 

Beftdcs  this  adjuftmentof  the  center  of  inter-, 
Ption,  it  is  necelfary  that  one  of  the  wires 
ft°uld  be  in  the  plane  of  tne  declination  femi- 
and  the  other  at  right  angles  to  that 
^  afie.  As  the  wires  are  fixed  at  right  angles 
each  other,  the  adjuftment  of  one  of  them  will 
Efficient.  For  this  purpofe,  obferve  any 
objed  on  one  of  the  wires  :  if  it  be  the 
^tical  wire,  move  the  index  of  the  femicircle 
declination  ;  or  if  the  other,  move  the  laft- 
Cadoncd  femicircle  on  the  axis  of  the  equato¬ 
rial 
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rial  circle.  In  either  cafe  the  object  will  coin¬ 
cide  with  the  wire  during  it's  motion,  if  the 
pofition  be  right ;  if  not,  alter  that  pofition, 
taking  care  not  to  difplace  the  center  from  it’s 
adjuftment. 

To  adjuft  the  piece  which  carries  the  hole  for 
forming  the  folar  fpot,  dired  the  fights  to  the 
fun,  fo  that  the  center  of  the  luminous  circle 
formed  by  the  aperture  which  carries  the  crofs 
wires,  may  fall  precifely  on  the  upper  fight  hole. 
Then  move  the  frame,  with  the  fmall  perfora¬ 
tion,  till  the  folar  fpot  falls  exadly  on  the  lower 
fight-hole. 

'  Thirdly,  to  find  the  corredion  to  be  applied 
to  obfervations  by  the  femicircle  of  altitude. 
Set  the  nonius  on  the  declination  femicircle 
to  O ;  and  the  nonius  on  the  horary  circle  to 
XII.  Dired  the  fights  to  any  fixed  and  diftin# 
©bjedt,  by  moving  the  horizontal  circle  and 
femicircle  of  altitude,  and  nothing  elfe.  Note 
the  degree  and  minute  of  altitude  or  depreffion« 
Rcvcrfe  the  declination  femicircle,  by  diredin# 
the  nonius  on  the  horary  circle  to  the  oppofi^ 
XII.  Dired  the  fights  again  to  the  fame  objed' 
by  means  of  the  horizontal  circle  and  fimicirc^ 
of  altitude,  as  before.  If  it’s  altitude,  or  depref' 
fion,  be  the  fame  as  was  obfcrved  in  the  ot her 
pofition,  no  corredion  will  be  required  ;  but  i 
otherwife,  half  the  difference  of  the  two  angle* 
is  the  corredion  to  be  added  to  all  obfervatio*1* 
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or  rectifications  made  with  that  quadrant,  or 
half  of  the  femicircle,  which  IhewT  the  leaft 
angle ;  or  to  be  fubtraCted  from  all  obfervations 
°r  rectifications  made  with  the  other  quadrant, 
or  half. 

When  the  levels  and  crofs  w  ires  are  once  truly 
fct,  they  will  prefervc  their  adjuftment  a  long 
time,  if  not  deranged  by  violence :  and  the  cor¬ 
rection  to  be  applied  to  the  femicircle  of  altitude, 
l«  a  conftant  quantity. 

PROBLEM  XVII. 

To  meafure  angles,  either  of  azimuth,  altitude, 
or  depreflion. 

Set  the  middle  mark  of  the  nonius  on  the  de¬ 
clination  at  O,  and  fix  it  by  means  of  the  milled 
fcrew  behind.  Set  the  horary  circle  at  XII  on 
the  equator,  and  the  inftrument  (previoufly  ad- 
jufted)  is  ready  for  obfervation.  Then  if  the 
hghts  be  directed  fucceflively  to  any  two  objeCts, 
the  degrees  and  minutes  contained  between  the 
two  pofitions  of  the  nonius,  on  the  limb  of  the 
horizontal  circle,  will  {hew  the  horizontal  angle 
ln  the  fame  manner  as  has  been  deferibed  at 
Prob.  ii.  of  the  quadrant.  And  likewife,  if  the 
fights  be  directed  to  any  objeCt,  by  moving  the 
horizontal  circle  and  femicircle  of  altitude,  the 
^egtee  and  minute  marked  by  the  nonius  on. 
the  1  alb-mentioned  femicircle  will  be  the  angle 
of  altitude,  if  on  the  quadrant  or  part  neareft 
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the  eye,  or  of  depreflion,  if  on  the  remoter  qti.t-' 
drant. 

Remark.  It  is  proper  in  this  place  to  deferibe 
the  nature  and  ufe  of  the  admirable  contrivance1 
commonly  called  a  nonius.  It  depends  on  tha 
fimple  circumftarice,.  that  if  any  lifte  be  divided 
into  equal  parts*  the  length  of  each  part  will  be 
greater,  the  fewer  the  diviiions  ;  and  contrari- 
wife,  it  will  be  lefs  in  proportion  as  thofe  divi- 
fions  are  more  numerous.  Thus  it  may  be  ob- 
ierved,  that  the  diftance  between  the  two  ex¬ 
treme  ftrokes  oit  the  nonius,  in  the  equatorial 
before  us,  is  exactly  equal  to  1 1  degrees  on  the' 
limb,  but  that  it  is  divided  into  12  equal  parts. 
Each  ©f  thefe  laft  parts  will  therefore  be  Ihorter 
titan  the  degree  in  the  proportion  of  1 1  to  12; 
that  is  to  fay„  it  will  be  one-twelfth  part,  or  5 
minutes  Ihorter.  Confcquently,  if  the  middle 
flroke  be  fct  prccifely  oppofite  to  any  degree, 
the  relative  politions  of  the  nonius  and  the  limb 
jnuft  be  altered  5  minutes  of  a  degree,  before 
cither  of  the  two  adjacent  ftrokes  next  the 
middle,  on  the  nonius,  can  be  brought  to  coin¬ 
cide  with  the  neareft  ftroke  of  a  degree ;  and  fo 
iikewife,  the  fccond  ftrokes  on  the  nonius  will 
require  a  change  of  10  minutes  ;  the  third,  of 
fifteen,  and  fo  forth  to  thirty,  when  the  middle 
line  of  the  nonius  will  be  feen  to  be  equj-diftant 
between  two  of  the  ftrokes  on  the  limb ;  after 
which,  the  lines  on  the  oppofite  fide  of  the 

a  nonius 
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Nonius  will  coincide  in  fuccefllon  with  tbs 
brakes -on  the  limb. 

It  is  clear  from  thisy  w  hat  whenever  the  mid-* 
ftroke  of  the  nonius  does  not  ftand  prcifel/t 
°Ppoflte  to  any  degree,  the  odd  minutes,  os 
didance  between  it  and  the  degree  immediately, 
preceding,  may  be  known  by  the  number  of  tho 
ftroke.on  the  nonius,  which  coincides  with  any 
the  drokes  on  the  limb.  It  niuft  beobferved* 
however,  that  as  the  degrees  in  fcveral  qua¬ 
drants,  are.  reckoned  in  oppofite  directions,  fa 
dkewife  the  nonius  has  two  fets  of  numbers ; 
for  the  ufe  of  which,  it  need  only  be  remem- 
Wed,  that  they- always  begin  from  the  middk^r 
and  go  to  30  minutes,  and  thence  from  the  op-. 
Mte  30  minutes  in  the  fame  direction  to  the 
fiddle ;  and  that  they  mud  always  be  reckoned ; 
lri  the  oppolite  direction  to  the  degrees  on  the 
kihb.* 

P'ROB  tE  M  XVllTv 

*0  •find  the  diftance  of  an  object  on  the  earthy  by4 
obfervations  made  at  two  dations. 

This  may  be  done’ by  meafuring  a  bafe  line  and- 

^•horizontal  angles,  .and  proceeding  as  directed 

at 

In  this  inftrument  they  mull  bq  in  the  opp°flte 

r^ion ;  but  when  the  nonius  plate  has  it's  divifions  fewer 
the  number  of  parts  on  the  limb  to  which  it  is  cch**  * 
tftey  coincide  fucceflively  in  the  lathe  dircdion  0  * 

^tion  pf  the  index. 
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at  problem  ii.  But  as  the  equatorial  meafures 
angles  of  depreftion,  as  well  as  elevation,  the 
ftations  may  not  only  be  on  the  fame  level,  but 
may  be  vertically  the  one  above  the  other.  For 
example,  if  the  altitude  of  any  objedt  be  taken 
from  a  lower  window  of  any  building,  and  it’s 
depreffiion  from  a  window  immediately  above, 
and  the  diftanceof  the  two  ftations  of  theinftru- 
ment  be  accurately  meafured. 

Then, 

As  the  fine  of  the  fum  of  the  angles  of  altitude 
and  depreftion,  (or  of  the  difference,  if 
both  be  altitude,  or  both  depreftion) 

Is  to  the  line  of  the  angle  at  the  upper  ftation ; 
So  is  the  diftance  between  the  ftations 
To  the  diftance  of  the  objedt  from  the  lower 
ftation. 

PROBLEM  XIX. 

To  meafure  heights  and  diftances. 

As  the  femicirclc  of  altitude  anfwers  every 
purpofe  of  the  quadrant,  in  the  inftrumentiie- 
fore  deferibed,  and  the  horizontal  circle  is  com¬ 
mon  to  both,  it  will  be  eafy  for  the  intelligent 
learner  to  perform  the  problems  iii.  iv.  vii.  viii* 
and  ix.  by  die  equatorial,  from  the  inftrudtiohs 
given  under  each  refpedtively. 

problem  xx. 

To  plot  a  piece  Qf  land. 

The  problems  v.  and  vi.  with  all  others 

which 
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Which  are  folved  by  the  menfuration  of  hori¬ 
zontal  angles,  may  likewife  be  performed  with 
facility  by  the  equatorial. 

problems  xxi.  xxii.  xxiii.  and  xxiv. 

Under  this  title  it  may  be  obferved,  that  the 
Problems  xi.  xii.  xiii.  xiv.  and  xv.  for  finding 
the  latitude,  the  time  by  equal  altitudes,  the  po¬ 
sition  of  the  cardinal  points,  and  the  time  by  the 
Un’s  tranlit  over  the  meridian,  or  by  it’s  alti¬ 
tude  and  azimuth,  may  be  performed  with  equal 
eafe,  and  greater  accuracy,  by  the  horizontal 
Pn  cle  and  femicircle  of  altitude,  in  rhe  inftru- 
tnent  before  us,  as  by  the  quadrant  treated  of 
tmder  thofe  problems. 

I  Shall  now  proceed  to  fome  of  the  problems, 

0  which  the  equatorial  is  more  peculiarly 

adapted. 

P  R  O  B  L  E  M  XXV. 

0  find  the  latitude  of  a  place,  the  fun’s  decli¬ 
nation  being  known. 

I*lace  the  adj  lifted  equatorial,  a  fliort  time  bc- 
°re  noon,  in  fuch  a  pofition,  that  the  planes  of 
^  e  femicircles  of  altitude  and  declination  may 
c as  near  the  meridian  as  eftimation  will  allow; 

let  the  fight  which  carries  the  crofs  wires  be 
Urned  to  the  point  of  the  compafs,  (either  north 
fouthj  to  which  the  fun  will  come  at  noon. 
Oo 
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Set  the  index  on  the  declination  femicircle  EOr 
the  degree  and  minute  of  the  fun’s  declination’,- 
either  to  the  north  or  fouth  fide  of  O,  as  the 
cafe  may  be.  Then  by  means  of  the  horizontal 
circle  and  femicircfe  of  altitude,  without  toirch^ 
ing  the  declination  femicircle,  caufe  the  folaf 
fpot  to  fall  on  the  mark  in  the  oppofite  light, 
(or  obferve  the  fun  itfclf  by  the  crofs  wires)* 
Keep  the  lights-  in  this  manner  directed  to  the 
fun,  till  his  altitude  begins  to  diminifh.  Th C 
degree  and  minute  on  the  femicircle  of  altitude 
is  the  co-latitude,  and  the  latitude  will  be  north, 
if  that  degree  and  minute  be  upon  the  northern' 
moft  quadrant ;  but  if  otherwifey  fouth. 

problem  xxvr. 

To  find  the  meridian  line,  and  the  time,  frotf 
one  obfervation  of  the  fun,  w  hen  it’s  decline 
tion  and  the  latitude  of  the  place  are  knowP' 
This  problem  requires  that  both  the  azimuth 
and  altitude  of  the  fun  fhould  alter  quickly  ’ 
and  this  is,  generally  fpcaking,  the  cafe, 
eminently,  the  farther  that  luminary  is  froiiit^ 
meridian.  Therefore, 

At  the  diftancc  of  feveral  hours,  either  bcf°rC 
or  after  noon,  ad  juft  the  horizontal  circle;  ^ 
the  femicircle  of  altitude,  fo  that  it’s  nofliu* 
may  (land  at  the  co-latitude;  lay  the  planc° 
the  laft-mentioncd  femicircle  in  the  meridi^ 
by  eftimation,  it’s  O  being  direded  towards  t 

deprefl^ 
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tfcprcflcd  pole  ;  place  the  nonius  of  the  declina¬ 
tion  fetnicirclc  to  the  declination,  whether  north 
or  fouth.  Then  diredt  the  lineof  fight  towards 
the  fun,  partly  by  moving  the  declination  femi- 
circlc  on  the  axis  of  the  equatorial  circle,  and 
partly  by  moving  the  horizontal  circle  on  it’s 
°wn  axis.  There  is  but  one  pofition  of  thefe 
V-  hich  will  admit  of  the  folar  fpot  falling  diredtly 
°n  the  mark  on  the  oppofite  fight.  When  this 
pofition  is  obtained,  the  nonius  on  the  equato- 
fial,  or  horary  circle,  fhews  the  apparent  time, 
*nd  the  circle  of  altitude  is  in  the  plane  of  the 
meridian. 

problem  xxvii, 

lo  find  the  time,  when  the  latitude,  the  fun's 
declination,  and  the  meridian  are  known. 

The  meridian  being  found  by  equal  altitudes 
■of  the  fun,  or  a  fiar,  which  is  the  beft  method, 
*md  fettled  by  a  meridian  mark,  or  by  indenta¬ 
tion,  to  fet  the  ferews  in,  (prob.  xiii.)  place 
the  equatorial  accordingly,  and  adjufi:  it  by  the 
Jevels-  Set  the  femicirde  of  altitude  to  the  lati¬ 
tude  of  the  place,  and  the  index  of  the  line  of 
jight,  to  the  declination  of  the  fun.  Turn  this 
aft  femicirde,  till  the  fights  are  accurately 
ire&ed  to  the  fun.  The  nonius  will  fhew  the 
time  on  the  horary  circle. 

This  problem  is  more  accurate  than  the  fore- 
^01ng,  and  may  be  applied  at  ail  times  when  the 
fun  is  vifible. 
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PROBLEM  XXVIII. 

To  find  the  meridian  line,  when  the  time,  the 
fun’s  declination,  and  the  latitude  of  the  place 
are  known. 

Adjuft  the  inftrtimcnt.  Set  the  femicircle  of 
altitude  to  the  latitude,  and  the  nonius  ot  the 
declination  femicircle  to  the  declination  ;  and 
fet  the  nonius  of  the  horary  circle  to  the  ap¬ 
parent  time.  Turn  the  horizontal  circle  tilt 
the  lights  are  directed  to  the  fun.  The  femi- 
circle  of  altitude'  is  then  in  the  plane  of  the 
meridian. 

This  problem  gives  the  pofition  of  the  meri' 
dian  more  accurately  than  problem  xxvi.  It 
is  much  more  ready  where  the  time  can  be  had, 
than  the  method  of  equal  altitudes,  and  it  i* 
near  enough  to  the  truth  of  fmall  inflrumcnts. 
The  nearer  the  obfervation  is  made  to  the  time 
of  noon,  the  better,  becaufe  the  fun  theft 
changes  it’s  azimuth  the  quickcft. 

PROBLEM  XXIX. 

To  find  the  declination,  of  the  fun,  or  any,  cekf 
rial  objedt,  when  the  latitude  of  the  place,  aft^ 
position  of  the  meridian,  are  known, 

Rcdlify  the  inflrument  for  the  latitude,  as 
the  foregoing  problem;  and  place  the  femicird1' 
of  altitude  in  the  meridian.  Then  dire# 
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’fights  to  the  objedl,  partly  by  moving  thedecli- 
na"ion  fern ^circle  on  the  axis  of  the  equatorial 
^rde,  and  partly  by  moving  the  nonius  of 
the  lemicirde  laft- mentioned.  This  nonius  will 
th(jh  fliew  the  declination. 

problem  xxx. 

T°  find  t1le  right  afcenfio n  of  any  celeftia!  ob¬ 
ject,  w  hen  the  timy,  the  latitude,  and  the  pcs- 
fition  of  the  meridian,  ate  know  n. 

Perform  the  operations  diredted  in  prob. 
XJX*  ^  ^acc  £^c  fight  fo  that  the  vertical  wire 
™ay  be  a  little  to  the  weft  ward  of  the  objedl; 
anc  °  ^ervc  hy  a  clock,  or  watch,  the  apparent 
J  f°^r. tlme  vvhcn  fi  crofles  the  wire,  The 
^  ortc  interval  between  the  time  ofobfervation 
^  tne  time  marked  on  the  equatorial  circle, 
y  the  nonius,  is  the  difference  between  the 
*11Tles  of  each  luminary  coming  to  the  window. 

If  the  liars  precede  the  fun,  this  difference 
|^uff  be  fubtraclcd  from,  or  if  otherwife,  added 
°  'fun’s  riSht  afcenlion  {  and  the  difference, 
v?  Um>  £hc  liar’s  right  afcenlion,  pro- 

n  do  not  exceed  24  hours  ;  if  it  do,  the 
xceff  is  the  right  afcenfion. 

f  If.  thc  iun’s  right  afcenfion  Ihould  be  too 
it  *  l°  at^m^  taking  the  difference  from  it, 
tahen  from  the  difference  ;  and 
uppfement  of  the  remainder  to  24  hours,  will 
e  £he  liar’s  right  afcenlion. 

Ooj 


PROBLEM 


582 


DESCRIPT 


ION  AND  US# 


PROBLEM  XXXI. 

To  direft  the  line  of  light  to  any  ftar  or  planet* 
Adjuft  the  inftrument  to  the  latitude  and  me¬ 
ridian,  and  fet  the  nonius  on  the  declination 
circle  to  the  declination  of  the  ftar.  Then  take 
the  difference  between  the  right  afcenfion  of  the 
fun  and  liar;  and  if  the  right  afcenfion  of  the 
ftar  be  greater  than  that  of  the  fun,  fubtraft  the 
difference;  if  not,  add  it  to  the  time  of  obferva- 
tion.  The  remainder,  or  fum,  will  be  the  hour 
and  minute  to  which  the  nonius  on  the  horary 
circle  is  to  be  fet;  which  being  done,  the  fights 
will  point  to  the  ftar  or  planet  fought. 

If  the  time  be  too  fmali  to  admit  of  having 
the  difference  taken  from  it,  borrow  24  hours* 
and  reckon  the  remainder  from  XII  at  noon. 

When  the  ftar  or  planet  has,  by  the  diurnal 
motion  of  the  earth,  been  carried  out  of  the  field 
of  v  iew,  in  which  the  crofs  wires  are  placed, 
it  may  be  readily  overtaken,  by  moving  the 
declination  femlcircle  on  the  equatorial  circle. 

There  are  many  other  plcafant  and  ufcfid 
problems,  both  terreftrial  and  aftronomicah 
which  may  be  folved  by  thefe  inftruments;  but 
they  cannot  here  be  enlarged  on,  confiftentlf 
with  the  intended  limits  of  the  prefent  wor  '* 
The  intelligent  ftudent  will  difeover  fo,r,c  ° 
them  himfclf,  and  for  the  reft  he  may  conlu 
Atwood's  Analyfis  of  a  Courfe  of  Ledums, 
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La  Landc’s  Aftronomie,  and  other  approved 
authors.  It  will  be  feen,  like  wife*  that  I  have 
Not  entered  into  the  minute  confiderations  of 
refractions,  the  variation  of  declinations,  and 
other  elements  for  parts  of  days,  &c.  neither 
kwe  l  deferibed  any  of  the  ingenious  artifices, 
by  which  the  errors  of  inftruments  are  cither 
‘Oorrefted  or  allowed  for.  In  this,  alfo,  I  think 
l'hc  judicious  teacher  will  join  me  in  opinion, 
*hat  though  they  are  defervedly  eftcemed  of  the 
Lighcft  importance  in  the  accurate -operations  of 
Modern  agronomy,  yet  it  would  not  have  been 
advifeable  to  have  diverted  the  attention  of  the 
learner,  before  his  .curiofity  was  excited  by  a 
difplay  of  the  leading  particulars,  even  on  the 
Lippofition  that  my  plan  could  have  allowed 
ro°m  f°r  entering  into  fuch  a  detail. 

I  he  learner  need  not,  however,  be  too  diffi- 
'^cnt  in  attempting  to  difeover  them  by  his  ow  n 
toflect ions,  after  he  has-acquired  a  perfect  know- 
kdge  of  the  contents  of  the  foregoing  pages. 
There  is  no  doubt  .but  he  w  ill  then  fee  with  that 
kleafurc  which  attends  fuccefsful  inveftigation, 
excellence  of  the  equatorial,  and  the  niunc- 
r°us  methods  by  which  it’s  parts  may  be  made 
to  co-operate,  in  producing  much  more  accu- 
^ate  refults  than  it’s  fize  may  lcern  toproinife. 

11  the  mean  time  1  foal l  conclude  this  arricle 
^hh  adefeription  of  an  improved  equatorial,  in 
^ hich  every  endeavour  has  been  ufed  to  unite 
O  o  4  limplicity 
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ftmplicity  of  conftrudtion  with  delicacy  and  pre- 
cilion  of  workmanfhip. 

Description  of  the  Improved  Equatorial. 

The  leading  rcquifites  in  good  agronomical 
inftruments,  arc,  1.  the  parts  muft  be  firmly 
connected,  fo  that  they  may  always  preferve  the 
fame  figure  ;  2.  the  arcs  muft  be  truly  centered, 
and  accurately  graduated;  and  3.  the  extremity 
of  the  line  of  fight  muft  in  all  fimple  motions 
deferibe  a  true  circle.  The  two  former  either 
are  or  ought  to  be  found  in  all  inftruments, 
whatever  may  be  their  form;  but  the  latter 
property  requires  a  particular  conftrudiion.  It 
is  obvious,  that  when  the  line  of  fight,  or  tcle- 
icope,  is  moved  on  the  furfaceof  one  of  the  cir¬ 
cles  of  an  inftrument,  it’s  motion  will  be  afte<fted 
by  every  irregularity  or  deviation  of  that  furfacc 
from  a  true  plane ;  but  on  the  contrary,  if  the 
motions  be  performed  about  axes  well  fitted,  the 
extremity  of  the  line  of  fight  will  in  all  fituations 
remain  directed  to  fome  point  in  the  circle,  in 
which  It  may  be  placed.  The  difficulty  of  ob¬ 
taining  and  preferving  the  true  furface  in  the 
former  cafe,  has  induced  all  aftronomers  to  gWe 
the  preference  to  axes  of  motion,  in  fuch  in' 
ftruments'as  are  intended  to  be  ufed  in  obferving 
tranfits  of  the  cekftial  bodies,  acrofs  the  plaflc 
of  die  circle  in  which  the  line  of  light  is  moved ; 
and  as  a  great  part  of  the  observations  m*dc 
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lvith  the  equatorial,  are  of  the  nature  of  thoft 
tranfits,  it  is  a  very  deiirable  quality  that  all  it’s 
movements  fhould  be  made  upon  axes,  inftead 
their  being  governed  by  the  plane  of  the 
circles  it  is  compofed  of. 

In  the  prefent  inftrument  (plate  XXI.)  this 
circumftance  is  particularly  attended  to.  E  F 
ls  the  horizontal  circle  firmly  connected  to  ano¬ 
ther  circular  piece  by  iix  vertical  pillars.  The 
diflance  between  thefe  two  circles  affords  a 
Convenient  lituation  for  a  ftrong  upright  axis  on 
'vhich  the  whole  of  the  upper  part  of  the  inftru- 
tnent  may  be  horizontally  turned.  The  circular 
piece,  w  hich  is  fere  wed  upon  the  head  of  the 
vertical  axis,  carries  a  fpirit  level.  It  alfo  has 
ai1  adjufting  ferew'  on  one  of  it’s  edges,  and  a 
Nonius  plate  on  the  other,  which  fhews  minutes. 
I  his  piece  fupports  the  two  uprights,  upon 
^  hich  the  axis  of  the  fcmicircle  of  altitude  A  B 
lurns.  At  right  angles  to  the  femicircle  of  al¬ 
lude  is  fixed  the  equatorial  or  horary  circle^ 
from  the  center  of  which  lad  proceeds  a  ftrong 
axis>  that  carries  the  apparatus  for  fupporting 
the  telelcope.  The  horaiy  motion  of  the  telc- 
fr  °j>e  is  performed  by  an  adjufling  ferew,  cen¬ 
tered  with  an  index  that  carries  a  nonius,  for 
dividing  the  hours  into  portions  of  ten  feconds 
Cach.  1  he  telefcope  has  a  ftrong  but  light  axis, 
'v  hofe  circular  ends  turn  in  moveable  fockets  of 
hafd  metal,  one  of  which  is  capable  of  a  vertical, 

and 
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iind  the  other  of  an  horizontal  adjuftment.  One 
end  of  the  axis  is  perforated,  and  has  a  fmall 
convex  lens  fe-t  in  the  opening,  through  which, 
by  the  hdp  of  a  refledor  within,  the  crofs  wires 
may  be  illuminated  for  making  obfcrvations  on 
the  ftars  at  night.  The  femicircle  of  declination 
D  is  affixed  to  the  telefcope,  and  palfes  very  near 
a  nonius  which  fhews  minutes  on  the  limb- 
I  lhall  now  proceed  to  deferibe  the  method  ot 
adjuftment  and  obfervation,  v,  hich  will  render 
a  more  minute  enumeration  of  the  parts  unne- 
ceffary,  and  will  at  the  fame  time  fhew  their 
nfe  much  better  than  can  be  done  by  mere  de- 
feription. 

An  attentive  view  of  the  inff  rument,  or  draw¬ 
ing,  compared  with  what  has  been  faid  before, 
at  problem  xvi.  will  ihew  that  it’s  perfed  ad" 
juffment  conlifts  in  the  following  particulars- 
i .  The  horizontal  circle  E  F  muff:  be  truly  level* 
.2.  The  plane  of  the  femicircle  of  altitude  A  # 
muff:  be  truly  perpendicular  to  the  horizon,  of 
it’s  axis  muff  be  level.  3-  The  horary  circle 
M  N  muff  be  parallel  to  the  horizontal  circle 
E  E,  when  the  nonius  of  the  femicircle  of  alti" 
tude  marks  o  degrees  j  or  at  lcaft  the  error  of  the 
pofition  of  the  nonius  muff  be  found.  4.  The 
axis  of  the  horary  circle,  or  die  polar  axis,  nnift 
be  at  right  angles  to  the  plane  of  that  circle- 
5.  The  line  of  light,  or  optical  axis  of  the 
telefcope,  muff:  be  at  right  angles  to  it’s  axis 

motion* 


Motion.  6.  The  crofs  axis  of  the  telefcope  muft 
be  parallel  to  the  plane  of  the  horary  circle;  and 
(7-)  parallel  to  that  of  the  femicircle  of  altitude, 
Av'henthe  nonius  marks  the  hour  of  VI.  Laftly, 
thc  line  of  fight  muft  be  parallel  to  the  horary 
Clr<de,  when  the  nonius  of  the  femicircle  of  do¬ 
mination  marks  o  degrees. 

The  manner  of  making  thefe  adjuftments  may 
be  as  follows,  i .  Level,  the  horizontal  circle  as 
^feribed  in  problem  xvi.  2.  The  plane  of  the 
frmicircle  of  altitude  is  adjufted  in  the  original 
c°nftrudl;ion  of  the  inftrumenf.  3.  Set  the  ho- 
rary  index  at  XII,  and  dired:  the  telefcope  to  a 
reniotc  object;  fet  the  index  to  the  oppofite  XII, 
and  turn  the  horizontal  moveable  circle  half 
r°und.  If  the  telefcope  then  points  to  the  fame 
the  horary  circle  is  parallel  to  the  hori- 
2°n;  if  riot,  alter  the  pofition  of  the  femicircle 
altitude,  till  the  telefcope  continues  to  point 
10  one  fingle  object  in  both  pofitions  of  the  ho- 
rary  index.  When  this  adjuftment  is  made, 
take  notice  of  the  fituation  of  the  nonius  of  the 
^micircle  of  altitude;  if  it  cuts  ato  degrees,  iC 
rightly  placed;  if  not,  note  the  difference,  to 
be  Applied  as  a  correction  of  all  obfervations 
^ade  with  that  femicircle.  4.  The  axis  of  the 
Notary  circle  is  truly  placed  in  the  conftrutfi on. 
*>*  Caufe  the  vertical  crofs  wire  of  the  telefcope 
10  in  ter  feel  a  remote  objed,  the  adjufting  fcrews 
the  horizontal  and  horary  circles  bc^ 
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vioufly  made  faft;  then  reverfe  the  pofition  oM 
the  axis,  fo  that  the  femicircle  of  declination 
may  be  upwards  inftead  of  downwards,  by  the 
motion  on  the  axis  it  will  be  feen  whether  the 
famecrofs  wire  interfehls  the  object  feen  in  the 
former  pofition;  if  it  do,  the  line  of  fight  is  at 
right  angles  to  the  axis  of  motion;  but  if  not*  I 
alter  the  pofition  of  the  crofs  wires,  by  means  of  I 
the  two  final  1  ferews  near  the  eye  end  of  th*  I 
telefcope,  one  of  which  mull  be  unferewed  * 
little,  and  the  other  ferewed  up,  till  the  do'  > 
fired  proof,  the  accuracy  of  the  pofition  of  thc  j 
telefcope,  be  attained.  6.  Hook  the  arms  of  the 
hanging  levels  upon  the  ends  of  the  axis  of  thc 
telefcope,  having  previoufiy  placed  the  horizon* 
tal  and  horary  circles  level.  By  means  of  thc 
fmall  capftan  ferew  beneath  one  end  cf  the  axis>  j 
caufe  the  bubble  of  the  hanging  level  to  occupf  | 
the  middle  of  it’s  glafs.  Unhook  the  level,  ai^  J 
hang  it  again  on  the  axis,  but  in  a  contrary  p ! 
fition,  fo  that  it’s  fight-hand  end  may  now 
placed  to  the  left,  if  the  bubble  Hill  continue 
to  occupy  the  middle  of  the  glafs,  the  axis  of  thc 
rtlefcope  is  truly  level  or  parallel  to  the  horary 
circle;  if  not,  alter  the  adjuftment  of  the  a*lS 
by  the  capfian  ferew,  and  of  the  level  by  > 
own  ferews,  till  the  bubble  Hands  in  the  middlc 
in  both  pofitions.  *7.  Set  the  femicircle  of  al£i' 
tude  to  9O0,  and  fix  it  there;  fet  the  declination 
fcmkirclc  to  0°,  and  the  horary  index  to  Vl*  i 

Di  re& 
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Direct  the  tclefcope  to  a  remote  objc&.  Then 
*^ove  the  horizontal  circle  half  round,  and  fet 
the  horary  index  precifely  at  the  oppofitc  VI.  If 
the  fame  object  be  fcen  at  the  interfe&ion  of  the 
crcls  wires,  the  line  of  fight  is  rightly  placed, 
^'ith  rclpect  to  the  horary  index;  if  not,  correct 
the  axis  of.  the  tclefcope  by  the  fide  capfian 
fcrcw,  fo  that  the  crofs  wires  may  cover  an  ob- 
Ject  halfway  between  the  former  objeft  and  that 
kft  feen.  Laftly,  make  the  horizontal  and  ho- 
rary  circles  parallel  to  each  other,  and  diredl  the 
ttlefcope  to  a  remote  object,  obferving  the  de¬ 
btee  and  minute  fiiewn  by  the  nonius  of  the 
declination  itmicircle.  Turn  the  horizontal 
citcle  i8o°,  and  the  horary  index  likewise 
1  go°,  and  obferve  the  fame  objed.  If  the  dc- 
Srees  and  minutes  on  the  declination  femicircle 
c  lhe  fame  as  before,  the  nonius  i#  rightly 
Priced;  if  not,  take  half  the  fum  of  the  two  ab- 
lltudes,  or  depreffions,  which  will  be  the  true 
^titude  or  deprefiion  of  the  object,  with  refped 
to  the  horary  circle;  then  loofen  the  ferews  of 
e  declination  nonius,  and  move  it  till  the 
0  jeet  feen  at  the  interfedion  of  the  crofs  wires 

^1Ves  the  true  quantity  on  the  declination  femi- 
circle. 

problems  wrought  <hy  the  former  infirn- 
^Cnts,  with  every  other  in  aftronomy,  furveying, 
^d  nienfuration,  may  be  performed  with  fin- 
2  gular 
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giilar  accuracy  by  this  equatorial;  we  iliall  onfy 
give  one  or  two  inftanccs. 

It  is  judged  proper,  for  the  benefit  ofperforiM 
who  have  not  been  converfant  in  making  aftr o' 
nomical  obfervations,  to  ftate  here  at  large, 
of  the  principal  obfervations  to  be  made  w  id* 
this  equatorial,  and  the  methods  of  obfervinl? 
with  it. 

To  find  the  Latitude  or  the  Place  by 
Sun,  or  any  known  fixed  Star. 

The  inftmment  being  adjufted  according  i0  \ 
the  di regions  already  given,  fet  the  femicirc^ 
of  altitude  to  90,  and  when  the  fun  is  cornier? 
near  the  meridian,  elevate  the  telefcope  till  th c 
center  of  the  fun  is  exactly  in  the  center  of  t^c 
brafs  wires;  then  follow  the  fun,  by  movi*$ 
both  the  equatorial  and  declination  circles,  (' 
neeellary)  till  he  is  at  his  greateft  altitude:  thc 
nonius  of  the  declination  will  then  give  you  h1’ 
meridian  altitude,  from  which  fubtraCt  his^1  j 
clination,  if  it  be  north;  or,  add  it  if  it  be  foud1' 
the  remainder,  if  north ;  and  the  fum,  if  fond1* 
is  the  height  of  the  equator,  that  is,  the  con1" 
plement  of  the  latitude,  from  which  fubtr^ 
the  error  in  altitude  occafioned  by  refraction, 
the  remainder  fubtraded  from  90  degrees  givt 
your  latitude. 


Exam 
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E  X  A  M  PLE. 

April  7th. —  fun’s  declination 
that  day  6-®  5 7' 3 7"  north 

you  obfervc  the  meridian  altitude 
of  the  fun’s  center  -  -  45°  7' 23f-# 

Subtract  his  declination  -  6  57  37 

height  of  the  equator  or  co-latitude  3  8°  9'  46* 
fiibtradt  the  refra&ion  correfponding 

to  45°  7'  '23'  (fun’s  altitude)  -  S'  5 V- 
Co-latitudc  corrected  -  38°8r52-# 

^  hich  fubtradlcd  from  90° 

gives  your  latitude  -  -  5i°5i,8" 

^1  inflcad  of  obferving  the  altitude  of  the 
ccnter,  you  obferve  that  of  the  upper  or  lower 
hmb  of  the  fun,  you  mull:  allow  for  the  femi- 
diameter  of  the  fun,  which  allowance  you  find 
ln  nautical  almanack. 

N.  B.  The  latitude  may  be  found  in  the  like 
banner  by  a  fixed  fiar  whofe  declination  is. 

known. 

find  the  meridian  by  one  observation 
.  ,  ONLY. 

To  do  this,  elevate  the  equatorial  (or  hour) 

Clr<de  to  the  co-latitude  of  the  place,  and  fet  the 

declination  circle  to  -the  fun’s  declination  foe 

the 
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the  day  and  hour  of  the  day  required  ;  then 
move  the  azimuth  and  hour  circles,  both  ar  the 
fame  time,  either  in  the  fame  direction,  or  the 
contrary,  till  you  bring  the  center  of  the  crofs 
wires  in  the  telefcope  exactly  to  cover  the  cen¬ 
ter  of  the  fun :  that  being  done,  the  index  of  the 
hour  will  give  you  the  apparent,  or  folar  tune 
at  the  inftant  of  obfervation.  Thus  you  get  the 
time,  though  the  fun  be  at  a  diftance  from  the 
meridian.  Then  turn  the  hour  circle  till  the 
index  points  precifely  at  12  o’clock,  and  lower 
the  telefcope  to  the  horizon  in  order  to  obferve 
fome  point  there,  in  the  center  of  your  glafs, 
and  that  point  is  your  meridian  mark  found  by 
one  obfervation  only.  The  bell  time  of  the 
day  for  this  operation  of  finding  your  meridian, 
is  three  or  four  hours  before,  or  three  or  four 
hours  after  twelve  at  noon. 

To  obferve  a  ftar  or  planet  in  broad  day-light, 

at  any  time  when  it  is  above  the  horizon. 

Look,  in  a  table  of  right  afeenfions,  for  the 
time  of  the  liar’s  tranfit  over  the  meridian. 

Elevate  the  equatorial  circle  to  the  co-lati¬ 
tude  of  the  place,  and  fet  the  nonius  of  the  de¬ 
clination  circle  to  the  liar’s  declination  ;  look 
into  the  table  for  the  time  of  It’s  tranfit  imme¬ 
diately  preceding  your  obfervation;  then 
Pike  the  interval  of  time  fince  that  tranfit  to 
tfoe  time  of  your  obfervation  as  given  by  the 

clock, 
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clock,  and  add  to  it  the  ftar’s  acceleration,  cor- 
^Iponding  to  that  interval  of  time,  this  fum  is 
hour  to  which  you  mull  fet  the  hour  index  of 
*  e  e9uatorial  circle,  and  the  ftar  will  then  ap- 
Pear  in  the  telefcope. 

^  The  fhortefl  w  ay  to  get  the  interval  of  time 
^etween  the  ftar’s  tranfit  and  the  time  of  obfer- 
^adon,  is,  always  to  fubtraft  the  time  of  the 
from  the  time  of  obfervation,  (adding  ia 
c^Urs  to  dock  if  neceflary)  only  take 
t,ARr>  N0T  T0  mistake  morning  hours  for 
v*Ning  hours,  or  vice  verfa. 

Example  r. 

^Ptembcr  30th,  ?t  9  hours, 
it,  A-M-  find  Capella  ; 

jt,S  ^ec^nation  is  —  45 0  44'  29"  North. 

s  tranfa  (by  thc  table)  is  at  4b.  22'  9"  A.  M. 
lch  fubtradl  from  time  of 
Nervation,  viz.  9  A.  M. 

^ains  interval  of  timefmcc 
lt’s  tranfit 

rtlulc  -  a  27  <1 


“  4  37  51 

acceleration  for  4/7. 37' Sv  45" 

Ct ‘he  hour  index  to  4  38  36  P.  M, 

.  E  X  A  M  P  L  £  II. 

May  A 

it.  JUt  a‘  7  p.  M.  find  Artfurus; 

8  ^hnarion  is  -  ao '  22' 30  North. 
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it’s  tranfit  (by  the  table)  that 
day  is  at  9 b.  25'  42"  P.  M. 
fo  that  you  muft  take  it’s 
tranfit  for  May  30th,  be¬ 
cause  at  2  h.  P.  M.  of 
May  31,  it  had  not  yet 
palTed  the  meridian  that 
day. 

— it’s  tranfit.  May  30,  is  at  9 b.  29'  38"  P.  M' 

w  hich  fubtra<fl  from  the  1 

time  of  obfervation,  viz.  ^.2  P.  M' 

May  3 1 ,  at  j 

remains  interval  of  time 

fince  it’s  tranfit  -  4  30  22 

that  is  to  fay,  16 b.  30'  22" 
fince  it’s  tranfit 

add  acceleration  for  1 6b.  30  22  2  42 


fet  the  hour  index  to 


4*.  Xi'  4"  A# 


To  find  the  right  afcenfion,  and  decimal01*  I 


of  a  fixed  ftar,  planet,  comet,  or  the  mo  on- 


The  equatorial  circle  being  elevated  as 


h  r 


fore  to  the  complement  of  the  latitude  of1^ 


place,  move  the  declination  and  equato1 


circles,  till  the  moon,  ftar,  or  comet,  is  in 


th* 


center  of  the  crofs  wires  in  the  telcfcope  ; 


i  of  the  oedination-circlc  will  then  g1' 


ol> 
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^°u  the  declination  of  the  (tar,  &c.  and  the 
n°nius  of  the  equatorial  circle  w  ill  give  you 
^lc  hour  of  the  flar,  &c.  then  your  regulator  or 
^ock  will  give  you  the  fun’s  time,  or  hour  of  the 
ay :  take  the  difference  between  the  fun’s  time, 
^d  the  flar’s  time ;  and  if  the  ftar’s  time  is  lefs 
*  an  the  fun’s  time,  add  that  difference  to  the 
Uri  s  right  afeenfion  at  the  time  of  obfervation, 
O vhich  y°u  fi°d  in  the  nautical  almanack)  the 
(reje<5ting  24  hours,  if  it  exceeds  that  num- 
^Cr)  is  the  right  afeenfion  of  the  flar,  &c. — 
gain ;  if  the  ftar’s  time  exceeds  the  fun’s  time, 
*d>Uad:  the  difference  from  the  fun’s  right 
^  cenfion;  the  remainder  (adding  24  hours  to  the 
ns  right  afeenfion,  if  neceffary )  is  the  right  af- 
Cenfion  of  the  flar,  &c. 


EXAMPLE  1. 


0  January  31ft,  1778 

Dle*-veafiar  whofe  timely 
fti  ^  eclua£oi'ial  circle  is 
11  s  time  as  given  by  the  re- 
viator,  viz. 


2 b.  1 8'  3"  P.  M. 


9  44  4° 


P.  M. 


^ cnee  between  the  two  7  26  37 

,  e  ^ars  time  is  lefs  thand 
he  ^n’Sj  add  that  diffe-  { 

eilCe  tO  fun’s  ri n-hr  of  f 


>ei 


£o  fun’s  right  af-  j 

cenfion  1 

24  hours  from 
aficcnfion  of  the  flar  is 
P  p  2 


20  57  9 


28  23  46 

4  23  46 


It’s 


59s 


description  and  use 


It’s  declination  (by  the  nonius  of  the  decimal 
tion  circk)  is  i6°  2‘  50".  North-. 


Example  ii. 

Auguft  3 1  ft,  1778. 

Obferved  a  ftar  whofe  time"! 
by  the  equatorial  circk  is  ^  o'  o" 

10b.  A.  M.  (that,  is  aftro-  j 
nomically)  -  j 

fan’s  time  asgivcnbythe  rc-1 

gulator,viz. 5. 55.4* A-M.  v*  17  55  4 

( that  is  aftronomically)  j 


difference  between  the  two 
as  theftar’s  time  exceeds  the! 
fun's,  fubtraft  that  difTc—  \ 
rence  from  fun’s  right  af-  f 
ecnlion  -  J 


4  4  56 
10  38  5$ 


remains  the  right  afccnfion 

of  the  ftar  -  6  34  2  . 

it’s  declination  (by  the  nonius  of  the  declinati01 
circle)  is  160  *5'  1"  South. 


example  III. 


January  31ft,  1778V 

Obferve  a  ftar  whole  time  by  .j 

the  equatorial  circle  is  10 h.  50'  o"P*  * 

kin’s  time  as  given  by  the  re-  ^ 

eulator^viz^  -  -  8  24  35^' 

b  differed 
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‘difference  between  the  two  2  25  25 

518  the  ftar’s  time  exceeds  thel 

fun's,  fubtradt  that  diffe-  I 

_  >  20  C7  o 

fence  from  the  fun’s  right  j 

■afeenfion 

Remains  the  right  afeenfion  of 
the  ftar  1 8  3 1  44 

s  declination  (by  the  nonius  of  the  declination 
circlej  is  38*35'  North. 

To  find  the  longitude  at  land. 

Note.  As  there  mud  be  calculations  made  in 
confequence  of  thefe  obfervations,  in  order  to 
determine  the  longitude  required  ;  it  may  be 
proper  to  apprize  fuch  perfons  as  are  not  con- 
verfant  in  the  calculations,  or  who  do  not  chufe 
to  take  the  trouble  to  make  them,  that  if  the 
following  obfervations  be  taken  with  care  and 
Curacy,  and,,  immediately  wrote  down,  the 
Calculations  tor  determining  the  longitude  from 
*h°fe  obfervations,  may  be  made  by  any  other 
1  Crfon,  at  any  period  of  time  thereafter,  fo  as 
0  ^certain  the  longitude  fought  with  the  fame 
Prccifion,  as  if  the  calculations  had  been  made 
*  the  moment  of  obferving. 

A°  find  the  longitude  wanted.  Obferve  the 
^  fference  of  the  right  afeenfion  of  two  celeltial 
dies  ;  for  inllance,  of  the  moon,  and  a  known 
ftar,  at  any  given  time,  either  on,  or  out  of 
Pp3  thc 


the  meridian,  and  from  that  difference  infer  the 
moon’s  right  afccnlion  at  the  moment  of  obfer- 
vation.  That  being  obtained,  find  what  is  the 
precife  time,  at  any  place  w  hofc  longitude  is 
well  afeertained  ;  for  indance,  at  Greenwich 
when  the  moon  has  that  right  afcenfion,  which 
you  have  now  obferved.  The  difference  be¬ 
tween  that  time  at  Greenwich,  and  time  with 
you,  is  the  difference  of  longitude,  in  time,  be¬ 
tween  Greenwich  and  your  place  of  obfer- 
▼ation,  which  is  eaft  of  Greenwich,  if  the  time 
with  you  be  later  than  the  time  at  Greenwich  * 
and  is  weft  of  Greenwich,  if  the  time  with  you 
be  earlier  than  that  of  Greenwich. 

The  equatorial  being  properly  adjufted  in  all 
it’s  parts,  and  fet  to  the  co-latitude  of  the  place* 
proceed  according  to  the  following  examples. 

example  i. 

Where  the  moon  and  a  known  fixed  fiar 
each  of  them  obferved  on  the  meridian. 
June  26th,  1779.  Arefturus 
obferved  on  the  meridian 

at  7 b-  43''  49" p; 

(mean  timc' 

and  the  moon’s  weftern  limb 
at  -  lob.  30'  16"  P- 

(mean  titf*c' 
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EXAMPLE  II.  , 

^  hcn  the  ftar  is  obferved,  out  of  t-he  meridian, 
on  any  hour  circle  w  hatever;  and  the  moon  is 
likewife  obferved,  out  of  the  meridian,  on  the 
fame,  or  on  any  other  hour  circle  w  hatfoever. 

June  28th,  1779.  Ar&urus 
obferved  on  a  horary  circle, 
ib.  55'  52"  wreft  of  the 
meridian  by  the  inftru- 
ment,  at  9  b.  3 1'  49"  P-  NT. 

boon’s  weftern  limb  obferved  (mean  time) 
on  another  horary  circle  ib. 
io'eaft  of  the  meridian  by 
the  inftrument,  at  1 0/ .  56' 16  'P.  M- 

(mean  time) 

^Ppofed  difference  of  Ion-") 
gitude  in  time,  weft  of^.  o  12'  o" 

Greenwich  j 

^titude  of  the  place  ofobfervation  56°  3  5'  North. 

Nothing  more  is  required  from  the  obferver 
ltan  the  two  data  in  the  firft  example,  or  the 
four  data  in  the  2d  example  ;  from  either  of 
'Vhich,  the  longitude  of  any  place  at  land  ma> 
deduced  by  calculation. 


F  I  N  I  S. 


Mathematical  and  Philofophical  Inflruments, 


MADE  AND  SOLD  BY 


lematical  Inflrument  Maker  to  His  Majefty,  and 
tician  to  His  Royal  Highnefs  the  Prince  of  Wales, 


Optical  Inflruments. 


|  he  heft  double-jointed  filver  fpe&acles,  with 

J;  .  „  glares  -  r  - 

c.he  bcfl  ditto,  with  Brazil  pebbles 
^ngie  joint  filver  fpeftacles,  with  glaflfcs 

>tto,  with  Brazil  pebbles  - - 

ouble-joint  fteel  ditto,  withglafles 
ry  *  fingle-joint  fpettacles  — — • 

inferior  frames,  from  2S.  6d.  to 
0  e  fpe&acles,  mounted  in  filver  ■■■  — 


^Jtt°in  tortoifhell  and  filver 


ir)  horS  and  fteeI 

Pettaclcs  for  couched  eyes 


Speftaclcs 


A  CATAL03UE  OF  INSTRUMENTS, 


Spe&acles  with  (hades 

Concave  glaffcs  in  horn  boxes,  for  fhort-fighted  eyes 
Ditto,  mounted  in  tortoifeflielfand  filver,  pearl  and 
filver,  in  various  manners,  and  at  different  prices 

Reading  glades,  from  2s  6d.  to  -  2 

Opera  glades,  Horn  10s.  6d.  to  -  2 

Ditto  on  an  improved  conftru&ion,  ll  7s.  and  1 

Ditto  to  be  ufed  ?.t  fea  by  night  - —  1 

Diagonal  operas  of  a  new  conllruftion  -  t 

Telefcopes  of  various  lengths,  fizes,  and  prices 
Acromatic  telefcopes,  portable  and  convenient  for 
the  pocket,  the  Aiding  tubes  are  of  hrafs,  and 
therefore  not  fubjett  to  the  inconveniences  of 
ihofe  that  are  made  with  vellum  drawers,  from 


Telefcopes  to  be  ufed  at  fea  by  night 
Acromatic  perfpeftive  gkffcs  for  the  pocket,  from 
10s.  6d.  to  -■ 

An  optical  vade  mecum,  or  portable  acroihatic 
telefcopeand  microfeope,  from  3I.  13s.  6d.to 
A  thirty-inch  acromatic  telcfcope,  with  different 
eye-pieces  for  tetredrial  and  celeffial  objects; 
this  is  one  of  the  mod  pleafant  telefcopes  that  is 
made  for  general  purpofes,  from  81.  8s.  to  1 

An  acromatic  telefcope,  about  three  feet  and  an  half 
long,  with  different  eyc-pieces  -  t 

A  three-feet  reflefting  telefcope,  with  fpur  magni¬ 
fying  powers,  with  rack  wotk  -  2 

A  ditto,  two  feet  long,  with  ditto  — —  J 

A  two-feet  refletting  telefcope,  with  two  powers  1 

An  eighteen-inch  ditto  - 

A  twelve-inch  ditto 

Adams’s  iucernax  microscope,  for  opake  and 
tranfparent  objects*  it  docs  not  fatigue  the  eye, 
is  in  all  cafes  a  proper  fubditute  for  the  folar 
microfeope.  and  on  many  occaftons  fuperior  to 

A  ftnall  ifouble-refle&ing  microfeope 

A  larger  ditto  - 

An  improved  univerral  double  microfeope 

Ditto  fined  up  in _a  different  form,  from  81.  8s  to  j 

Ellies  atpuaiic  microfeope  . - 

Ditto  with  an  adjufting  (crew  - 

Withering's  and  other  botanical  microfcopes,  from, 
jos.  6d.  to  ■ — 


A  CATALOGUE  OF  INSTRUMENTS, 


,  £■  • 
Small  pocket  micro fcopes,  from  6s.  to  8  '3 

Solar  microfcopes  5  5 

Ditto  6  b 

Solar  microfcopes  for  opake  and  tranfparent  objcfls, 

from  x 61.  16s.  to  —  21  ° 

A  microfcope  and  lanthorn  to  imitate  the  folar 
microfcopc 

Curious  colle&ions  of  objetts  for  the  microfcope, 
either  opake  or  tranfparent 
Collections  of  falls,  properly  prepared  for  the 
microfcope 

Magnifying,  glafles  for  botanical,  anatomical,  and 

other  purpofes,  from  2S.  to  t  11 

Small  magic  lanthorns,  with  twelve  fmall  glafs 

fliders,  from  i  os.  bd.  to  —  1  1 

Ditto  with  the  fliders  better  painted 

Carge  magic  lanthorns,  from  ll.  5s.  to  -  1  11 

Dptica!  machines  for  viewing  perfpetlivc  prints, 

from  18s.  to  t  to 

Scioplric  balls  - —  o  to 

Small  camera  obfeuras,  from  ios.  6d.  to  3  3 

Book  and  pyramidical  camera  obfeuras,  from 

3l.  3s.  to  7  7 

An  artificial  eye  for  illuftrating  the  principles  of 
vifion 

ifm.%  mounted  in  various  manners 
Concave  and  convex  mirrors,  from  7s.  6d.  to  18  18 

Cylindrical  ditto,  from  il.  is.  to  J3  13 


Geographical  and  Agronomical  Inftruments* 


PRICES  OF  GLOBES, 
diameter  mounted  in  mahogany 


*8  inches 

fiames  _  I 

ditto  frames  carved  and  ornamented 
18 
18 


52 


ditto  mounted  in  the  common  manner  6 
ditto  mounted  in  the  common  manner 

»n  mahogany  frames  - - 

1  _  ditto  mounted  in  the  beft  manner,  in 

flamed  frames  -  _  10  to  o 

ditto  moun  ci  in  the  beft  mannei,  in 
““lingiiny  frames  -  ,8inchc. 


>8 


o  0*0 


£■ 


18  inches  diameter,  mounted  in  the  bed  manner, 

in  carved  frames  -  16 

16  ditto  mounted  in  the  common  manner  6 

12  ditto  mounted  in  the  common  manner 

52  ditto  mounted  m  the  common  manner, 

in  mahogany  frames  - -  - 

%2  ditto  mounted  in  the  bed  manner,  in 

ftained  frames  - 

%2  ditto  mounted  in  the  bed  manner,  in 

mahogany  frames  - - - — ■ 

g  ditto  mounted  in  the  common  manner 

9  ditto  mounted  in  the  bed  manner 

6  ditto  mounted  in  the  bed  manner 

a  ditto  mounted  in  the  bell  manner 

di'to  for  the  pocket  - - — 


3 


An  atmillary  dialling  fphere  -  40 

An  arm  illary  fphere,  (hewing  at  one  view  the  real 
and  apparent  motion  of  the  heavens  3 1 

An  armillary  fphere,  with  a  planetarium  within  it  31 
Plain  armillaty  fpheres 

A  manual  planetarium  and  tellurian  ■-  3 

A  new  inftrument  for  illudrating  the  phenomena 


of  the  feafons  -  -  4 

A  ditto  for  illudrating  the  phafes  of  the  moon, 

and  the  caufes  of  eclipfcs -  4 

A  manual  planetarium  -  - -  2 

(The  three  lad  mentioned  inftruments  are  thofe 
repcefentcd  in  plates  V.  XV7.  and  XVI.  of 
my  adroromical  cflays) 

A  planetarium  with  wheel-work,  by  which  the 
order  and  motion  of  the  planets,  thcli  fituation 
with  refpetl  to  the  earth'at  different  times,  and 
the  reafon  of  their  appearing  to  be  fometimes 
ftationary,  and  to  move  a  otlwr  times  in  contrary 
directions,  are  rendered  obvious  to  the  eye  7 

A  tellurian  and  lunarium  for  illudrating  the  pha- 
nomerra  of  the  earth  and  moon,  and  forming 


a  proper  companion  for  the  former 
(The  tellurian  and  lunarium  may  be  combined 
together,  or  feparate) 

A  corrett  and  elegant  planetarium,  lunarium,  and 
tellurian,  (fee  plate  XIX.  of  my  adronomical 

effays)  - -  -  - 

Ditty  with  the  diurnal  motion  to  the  earth  £4 


s.  J. 

16  o 

6  o 

3  « 

4  o 

*5  « 

7  0 

2  o 
4  o 

3  © 

11  0 

10  6 

o  o 

10  o 


13  6 

10  o 

to  O 
2  0 


t7  * 


,8  7 
o  o 
T\# 
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£■  ’■  d- 

The  molt  complete  planetarium,  tellurian,  and 

lunarium,  plates  XVII.  and  XV1I1.  -  *5  ° 

Orreries,  from  i8i.  r8s.  to  — •  lOOO  °  ° 

A  (mall  quadrant,  with  an  horizontal  and  vertical 
motion,  for  the  inftruftion  and  amufcment  of 
young  people  —  —  °  ° 

A  ditto  framed  in  brafs,  more  accurately  made  and 

graduated  —  —  —  2  li 

A  i'mall  equatorial,  being  at  once  an  accurate  unr- 
verfal  dial,  and  a  portable  obfervatovyj  with  it 
a  great  number  of  curious  and  interefting  pro¬ 
blems  may  be  folvcd,  and  any  perfon  loon  ren¬ 
dered  matter  of  the  elements  of  praftical 
aftronomy  —  —  —  8  ° 

Ditto  on  a  larger  fcale,  with  a  telefcope,  and  more 

adjuftments  —  —  26  5  ° 

Complete  equatorial  infiruments,  from  50  gs.  to  5®0  0  * 

Iran  fit  inftruments,  aftronomical  quadrants,  cir¬ 
cular  inftruments,  according  to  tneir  fizes,  the 
variety  and  accuracy  of  their  adjuttments. 


Mathematical  Inftruments, 
Drawing,  &c. 


for  Geometry- 


JJain  compaffes  for  meafuring  lines,  from  is  to  o 
Drawing  compaffes  with  moveable  points,  irom 

5s  6d.  to  -  -  3 

Drawing  pens,  from  is.  to  — —  ° 

«ow  compaffes  for  deferibing  fmall  circles,  From 

3s.  to  -  -  —  0 

Hair  compaffes  tor  taking  extents  with  accuracy  o 
compaffes  for  deferibing  large  circles,  laying 
d  jwn  divifions,  &r. 

Triangular  compaffes  for  transferring  three  points  ^ 
at  once  from  any  plan  or  drawing,  from  18s.  to 
1  roportionable  compaffes  for  diminilhing  plans  o  ^ 
drawing  in  any  aliigned  proportions  . 

Elliptical  compaffes  with  friftion  rollers* 
drawing  ellipfes  — .  — 


4  ® 
Elliptical 


cr  0 


6 
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Elliptical  compares  on  a  different  conftruftion, 
anfwcring  at  the  fame  time  the  purpofesof  beam 

and  calliper  compaffes  -  4  4  o 

Spiial  compaffes  for  describing  fpirals,  anfwcring 
alfo  as  beam  and  elliptical  compaffes,  from  61.  6s. 

to  - -  -  11  o 

Parallel  rules  of  various  con ftruttions 
A  new-invented  parallel  rule,  which  for  facility  in 
application,  and  accuracy,  exceeds  any  other 

kind,  from  8s.  6d.  to  — —  -  1  10 

Ditto  with  a  prolraftor 

An  inftrument  for  drawing  lines  inclined  in  a  given 
angle  to  each  other,  though  the  angular  point  is 
at  an  immenfe  diftance,  a  rule  exceedingly  ufeful 

Various ^inftrumenfS  for  the  purpofe  of  dividing 
lines,  or  transferring  divifions  on  paper 
A  cyclograph,  or  an  inftrument  by  which  circles 
may  be  deferibed,  from  4  or  6  inches  radius  to 

one  as  large  as  the  orbit  of  the  Georgium  Sidus  660 

Plain  feales  and  fedors  of  different  fi.es 
Square  protraftors,  femicircular  and  circular 
Pocket  cafes  of  drawing  inftruments,  from  7s.  6d.  to  5  15  6 

Magazine,  or  complete  colleaion  of  drawing  inftru¬ 
ments,  at  ill.  its.  at  17I.  17s.  and  from  thence 

to  ’  -  -  50  o  o 

Perfpe&ive  compaffes  for  afcertaining  the  relative 

proportion  of  objefts  —  o  18  O 

Dr.  Hi  r  ft’s  inftrument  for  drawing  inpcHpcftiveg  5  o 
A  new  invented  inftrument  for  the  fame  purpofe, 
which  will  facilitate  the  operations  of  theartift, 
and  areally  beginners 

An  inftrument  for  facilitating  drawing  from  nature, 
bv  afcertaining  a  numberol  points 
Concave  lenfes  with  fquares  for  eye  drafts 
Drawing  glaffes,  or  glaffes  with  a  fight  to  affift 

draftfmen 

Pantographers  for  copying,  reducing,  and  enlar¬ 
ging  drawings,  from  si.  12s.  6d.  to  -  660 


Surveying 


A  CATALOGUE  OF  INSTRUMENTS. 


Surveying  Inflruments. 


C«res  oF  drawing  inflruments 
Parallel  rules 
plotting  fcales 
Sets  of  plotting  Fcales 

A  new  invented  parallel  rule,  with  plotting  fcales 
A  parallel  rule  and  protra£lor 
A  plotting  fcale,  in  form  of  a  beam  compafs 
**rotra£lors  for  laying  down  angles 

Oitto  with  a  nonius  and  moveable  limb  —  2  12 

Oitto  rendered  more  accurate,  as  the  limb  is  made 

to  move  with  a  tooth  and  pinion  —  4  *4 

MeafuVing  wheels  - -  -  6  16 

udometers  for  meafuringa  given  di  fiance  in  walking. 
Aleafuring  chains  of  50  and  100  feet 

l»unter’s  chain  -  -  q  7 

1  apo  boxes,  according  to  the  length 

Purveying  crols  or  fquare  - r-  t  H 

‘lam  tables,  with  an  index  and  fights;  by  thefe 
the  plan  is  taken  on  the  fpot,  and  does  not  require 

n  a  future  protraction  -  -  3  *3 

Leighton’s  improved  plain  table,  with  an  index  of  a 
peculiar  make;  in  this  inflrument the  line  of  fight 
is  always  over  the  center  of  the  table,  the  ftation 
lines  are  alfo  drawn  parallel  to  thofc  mcafured 

on  the  ground  -  -  *4  *4 

theodolites,  or  inflruments  for  mcafuring  angles, 
diflances,  &c.  are  made  in  various  ways,  fome 
being  more  fimple  and  portable,  others  more  ac¬ 
curate,  and  with  a  greater  number  of  adjuftments 
heodolites,  with  four  plain  fights,  and  a  com¬ 
pafs  box,  from  5!.  5s.  to  -  5  *5 

■mall  theodolite,  with  telcfcopic  fights  and  ver- 

t.-cal  arch  _  _ _  _  9  9 

larger  ditto,  in  which  the  limb  of  the  theodolite 
ls  madc  to  lerve  occaftonally  the  putpofe  of  a 
protraftor  _  -  14  »4 

ditto  of  the  fame  fizc,  on  a  different  conftru&ion, 
c  vertical  arch  being  affixed  to  a  long  axis  ;  the 
imb  does  not  ferve  for  a,  protwftor *4  l4 
ai'ger  ditto,  like  the  preceding,  only  njQW&S 

'vuh  rack-work  —  -  ® 


VC 
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The  Iateft  improved  theodolite,  with  double  tcle- 

fcope,  and  every  rcquifitc  adjuftment  31  10  t> 

Circumferenters,  the  principal  inftrument  ufed  in 

America,  from  2I.  2s.  to  — —  4  *4  ® 

An  improved  circumfc: enter,  fo  contrived  that 
the  operator  need  not  red  the  truth  of  his  work 
entirely  on  the  needle  ;  it  may  be  aifo  ufed  to 
take  altitudes 

Air  or  fpirit  levels  with  telefcopic  fights,  from 

4I.  14s.  6d.  to  12  12  0 

Air  or  fpirit  levels  with  plain  fights  -  1  it  6 

Station  /laves  with  Aiding  vanes  for  levelling  1  16  ct 

A  (mail  furveying  compafs,  with  fights,  a  nonius 

u'  «  divifion,  and  three-legged  ftafF  4  14  6 

A  fmall  furveying  compafs  and  finglc  flick  2  2  o 

(The  two  foregoing  mftruments  arc  portable  and 
light,  and  may  be  put  with  cafe  in  the  pocket) 

Miners  compafies,  ufed  for  carrying  on  works 

under-ground,  from  10s.  6d.  to  — —  1  1  o 

Ditto  with  a  fmall  telefcope  fixed  to  one  fide  1  11  6 

Green’s  telefcope  and  tangent  board,  for  meafuring 
di (lances  at  one  Ration  :  (it  is  obvious,  that  on 
the  meafuring  of  a  (trait  line  with  accuracy,  the 
whole  bufinefs  of  furveying  depends;  Mr. 

Green’s  method  is  certainly  more  expeditious 
than  any  other,  and  is  not  liable  to  obje&ions 
which  may  be  made  to  them) 

Optical  fquare,  a  fmall  inftrument  for  furveying  by 
right  angles;  it  requires  no  ftaff,  and  maybe 

eafily  corrected  or  adjufted  —  -  !  16  ® 

An  optical  inftrument.  for  determining  with  accu- 

racy  whenobje&s  arc  in  a  ftrait  line  — -  17® 

Military  Inftruments. 

Gunners  levels  or  perpendiculars 
Gunners  callipers 
Beam  caUipet* 

Shot  guages 
Shell  ditto 

Gunners  quadrants  with  a  plummet 
Ditto  with  a  Jevel 
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£*nto  with  an  adjuftiug  fcrew 
^itto  and  perpendicular  combined  together 
General  Wilhamfon’s  inftruments  for  howitzers, 
mortars,  &c. 


£• 


•urveying  compaffcs,  furveying  cioffcs,  cafes  of 
inftruments,  telefcopes,  plain  tables,  theodo¬ 
lites,  &c. 


MtCS,  &c. 

^  complete  apparatus  for  an  officer,  in  a  box 


Inftruments  for  Navigation. 


°f  inftruments,  and  telefcopes  of  different 
kinds,  fizes,  and  prices 

'ght  telefcopes,  from  ll.  n s.  6d.  to  -  ! 

pera  glafs  for  the  fame  purpofe 
n  tclefrr.no  will,  ‘  ‘r. 


Uto  in  brafs,  on  the  moft  improved  plan,  from 
,  V»l.  tis.  to  _ ^  v _ 1  15 


njght’s  fleering  compafs,  with  improvements 

j>n«ght’s  azimuth  ditto - 

0r1,  ^r‘^'on  wheels 


Marine  barometers;  by  thefe  ftorms  have  been 
forefold  at  fea  fome  hours  before  they  happened 
•rcular inftruments,  to  anfwer  the  purpofe  of  the 

J Extant 


Jpping  needles,  from  sal.  12s.  to 


Inftruments  for  Electricity. 


9 

d. 


^  tclefcope  with  an  eye-glafs  micrometer,  for  de¬ 
termining  the  diftancc  oT a  fhip  at  fca 
adley  s  quadrants  in  mahogany  frames  —  2 

Uto  in  black  ehony  frames  -  3 

Radley’s  iextant  in  wood  -  6 

°Uto  i  ’  ‘ 


5  *5 


An  e^  I  e.e^rtCal  machine,  with  a  felett  apparatus  8 
b0xC.  7Ca^  macbine  and  medical  apparatus  in  a 
ftr  ’  t“c  machine  is  mounted  in  a  plain  but 
g  manPer,  and  fo  as  toa£l  with  power  ;  the 
hub  ratus  ts  the  moft  convenient  and  Ample 
Crt0  contrived  for  medico-electrical  purpofes  & 

2<l 


8  o 


1 6  6 
Ditto 


IfL, 


10 
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Ditto  with  an  additional  apparatus  lately  contrived 
for  more  eafily  giving  partial  (hocks  '  —  7 

Improved  elcdhical  machines,  from  3I.  13s.  6d.  1040 
Kleftrieal  batteries,  from  2I.  1 2s.  6d.  to 
Elc&rical  jars  of  different  fizes 

Ditto  with  an  cle&rometer  affixed  to  them  o 

Mediial  bottles,  with  a  tube  for  qualifying  the 

ihock  — -  -  : -  O 

Ditto  mounted  with  a  difeharging  rod,  and  an 
eleftrometer,  on  an  improved  plan,  for  giving 

the  elcftric  (hock - -  1 

Direftors  with  ghifs  handles  for  medical  purpofes  o 

Jointed  difehargers  with glals  handles  -  o 

Plain  difeharging  rods  - ~  - -  o 

An  univerfal  difeharger  and  pvefs  -•» — .  t 

Kinnerfly’s  ele&rical  thermometer  1 

Quadrant  elc&rometer  o 

Cavallo’s  atmofphericele&romctcr,  from  15s  to  1 
Ditto,  with  additions  by  De  Sauflure  -  1 


Rennet’s  gold  leaf  ele&rometer  -  o 

An  apparatus  for  making  Canton’s  and  Wilfon’s 
experiments  on  elcftric  attraction,  &c. 

Compound  apparatus,  fig  49,  plate  III.  of  my 
e flays  on  elcftricity ;  by  this  apparatus  a  great 
number  of  neat  and  fatisfaclory  experiments  may 

be  performed  - . -  -  g 

Ditto  without  the  exhaufted  flafk  and  conductor  1 


Leyden  vacuum - -  o 

Luminous  conductors  —  -  1 


Spiral  tubes,  from  4s.  6d.  to  ■  -  •  o 

Coloured  lpirals  — « -  - -  o 

Sets  of  fpirals,  fee  plate  V.  fig.  98,  of  my  eflays 

on  clcClricity  1 

Luminous  words,  from  ios6d.  to  ■  1 

Spotted  bottle  -  o 

Rclted  bottle,  plate  III.  fig.  46 - 1 

Double  bottle,  a  pleafmg  and  ufcful  part  of  an 
clcttrical  apparatus,  to  gain  a  clear  idea  of  the 

I'ranklinian  theory  o 

Plates  and  (land  for  dancing  images,  pith  images, 
and  pith  balls 
An  artificial  fpider 
A  final  1  head  with  hair 

An  deClrical  piflol  for  inflammable  a  r  —  o 
Dittp  mounted  in  lets 
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X-  *•  ^ 

An  electrical  cannon  for  gunpowder 

A  thunder  houfc  - — • — . —  -  ■_  ,  o  6  o 

t^itto  with  *  drawer  — * -  o  B  6 

A  powder  houfe,  fig.  89,  plate  V.  o  ib  o 

A  pyramid,  fig.  90,  plate  V.  -  o  *5  0 

Nicholfon’s  rcvolvingdouhler  -  3  3  0 

A  bone  ball,  and  a  ball  of  box  wood  fitted  on  brafs 
wires 

Elc&ric  flyer  and  points 

A  plain  fet  of  bells,  fig.  17,  plate  II.  —  o  9  0 
*»ve  bells  mounted  on  a  (land,  fig.  18,  plate  II.  o  >8  o 

A  fet  of  mufical  bells,  fig.  19,  plate  II.  1  7  o 

Magic  pifture  -  . -  o  10  & 

^IcCtrical  (tools,  from  8s  6d.  to  - 

An  cleCtiophorus,  from  10s.  6d.  to  —  — 

Apparatus  for  Experiments  on  Magnetififl. 

An  apparatus  for  explaining  the  principal  phe¬ 
nomena  of  magnetifm,  from  3I.  38  to  15  i*5  o 

Magnets 

^tnall  compound  magnets 
^orfefhoe  magnets 

Compound  ditto,  from  15$  to  si  O  0 

Capping  needles  from  12I.  12s.  to  —  31  10  0 

"••nation  compafles,  from  2I.  12s.  6d.  to  21  o  o 

^nftruments  for  Experiments  on  Pneumatic?. 


A  Cma11  fingle-harrcl  air-p'imp  - - .  2 

(mail  double-barrel  ditto  -  4 

^larger  ditto -  -  6 

A  table  air  pump  _  _ _  jo 

|e  American  double  barrelled  air  pump,  the 
^ptoyement’ on  this  inllruinent,  in  which 
fC  receives  no  impediment  from  the  aCtion 
r  Va'ves  or  cocks?  exceeding  Sineaton’s in  accu- 
r7  an<^  fimplicity,  and  far  fuperior  in  both 
e  pcCta  tg  lavcral  later  contrivances 
a 


12 

14 

16 

10 


6 

6 

6 


A  con- 
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1.  f. 

A  rondenfing engine;  this  may  be,  if  dc fired,  com¬ 
bined  with  the  former,  but  the  rational  and 
practical  expei  imentalill  will  find  many  advan¬ 
tages  in  having  them  detached  from  one  another 


Apparatus  for  an  Air  Pump. 


The  magdeburg  hemrfpheres,  from  12s.  to  » 

A  flat  plate  and  collar  of  leathers  for  placing  on 

open  receivers  - - —  * —  ■  O 

Guinea  and  feather  apparatus,  for  experiments 
on  the  reft  fiance  of  the  air,  from  18s.  to  1 

A  fet  of  mills  for  ditto  < - - —  t 

A  ditto  on  a  better  conftruftion  -  4 

Bell  apparatus,  for  (hewing  that  a  vacuum  does  not 
communicate  found  — — —  _  o 

Ditto  on  a  better  conllru&ion 
Ditto  with  wheeL-work,  by  which  the  bell  may  be 
putin  motion  or  flopped  at  plcafure  —  3 

A  new  apparatus  for  linking  flint  and  flcel  in  vacuo 
An  apparatus  for  firing  gunpowder  in  vacuo 
A  copper  bottle,  beam  and  Hand,  for  weighing  of  air  2 
A  box,  bladder,  and  lead  weights,  to  fhew  the  elaftic 

power  of  the  air  -  -  c 

Ditto  on  an  improved  plan  - -  c 

A  model  of  a  pump,  illuflrating  at  the  fame  time 
the  nature  of  pumps,  and  proving  that  there  is  no 

fuch  thing  as  fuftiort  -  1 

A  fmail  receiver  and  plate,  which  clearly  evinces 
that  receivers  are  kept  on  the  pump  by  preffure, 

not  fufh'on  - - -  - -  C 

A  filtering  cup  -  -  c 

A  plate  and  piece  of  wood  - - *  c 

The  two  lall  articles  are  for  Chewing  the  porofity 
of  vegetables) 

The  torriccllian  experiment 

Fountain  in  vacuo  -  ■ — - ■  c 

Ditto  on  a  different  conftru&ion  -  c 

1, rings  glafs  -  -  < 

Ditfoon  a  different  conflrutlion 
A  lwmle  transferer  plate  and  pipe  for  a  fountain  < 
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A  double  transferer,  for  communicating  a  vacuum 

from  one  receiver  to  another  -  3  o  ° 

A  burnt  air  pipe,  for  experiments  on  infetted  air  o  10  o 

An  apparatus  to  illuftrate  the  lateral  preffure  of  the 
air 

■Breaking  fquare  and  cage 
A  fmall  bladder  and  lead  weight 

A  fmall  ballance  beam  and  (land  ■  O  7  * 

Ditto  on  an  improved  conftru6lion 
Receivers  of  different  fizes 


Meteorological  Inllruments. 


A  plain  portable  barometer  - 

Ditto  with  a  thermometer  - — 

A  plain  barometer,  covered  frame  and  glafs  door 

Ditto  with  a  thermometer  - 

A  barometer  with  a  long  cylindric  thermometer 
A  ditto  with  ditto,  and  De  Luc’s  hygrometer 
A  barometer  and  thermometer,  with  a  guage,  the 

indexes  moving  by  rack-work  - 

A  baromele-  for  mcafuring  the  altitude  of  moun¬ 
tains,  &c. 

Marine  barometers 

Diagonal,  wheel,  and  ftatical  barometers 
Fahrenheit’s  thermometers,  from  1 1.  is.  to 
Ditto  for  botanic  purpofes  —  ■  ■  ■ 

Ditto  for  the  brewery  — - — 

De  Luc’s  hygrometer ;  thefc  are  the  only  inftru- 
mentsby  which  comparative  obfervations  can  be 
made  on  the  dtynefs  and  moillure  ot  the  air, 

from  3I.  3s.  to  -  - 

Rain  guages 
Dr.  Lind’s  wind  guage 
Hygrometers  with  the  beard  of  the  wild  oat 
Fontana’s  eudiometer  for  afeertaining  the  purity 
of  the  air  _ _  _ 


2 

3 

2 

3 

4 
7 

5 


2 

o 


7 

o 

2 


1 2  6 
18  o 

1  o 

7  • 

10  6 
5  ® 


Inftru- 


Inftruments  for  illuftrating  the  Mechanic 
Powers,  the  Laws  of  Motion,  See. 

£•  •- 

A  concife  apparatus  for  illuftrating  the  nature  of 
the  ballance,  the  pulley,  the  different  kinds  of 
levers,  the  inclined  plane,  the  wheel  and  axle, 
the  ferew,  a  compound  engine,  and  a  compound 
lever ;  alfo,  a  double  cone  to  move  up  an  in¬ 
clined  plane,  and  other  pieces  to  Ihcw  the  pro¬ 
perties  of  the  center  of  gravity,  from  21I.  to  ?.6  5  O 

A  ditto  on  a  more  enlarged  Icale 
Atwood’s  apparatus  for  demonftrating  with  accu- 
racy  the  laws  of  accelerated  and  retarded  motion. 

If  is  one  of  the  molt  plcafing  and  fcientilic  tnftru- 
ments  in  mechanics,  as  well  from  the  variety  of 
experiments  that  may  be  made  with  it,  as  the 
accuracy  with  which  they  are  pet  formed  26  5  O 

A  machine  for  illuftrating  the  theory  of  central 
forces  ;  in  this  machine  the  times  are  marked  by 
found,  the  fpaces  are  fhewn  by  an  index,  the 
errors  arifing  from  fri&ion  are  fo  far  leffened  as- 

to  be  fcarcely  fenfible  31  10  O 

Pullies  of  various  combinations  and  conftruclions 
A  fmall  carriage,  inclined  plane,  wheels  of  differ¬ 
ent  fizes,  &c.  for  experiments  on  wheel  carriages 
Roberval’s  paradoxical  ballance 
Cycloidal  lever,  fee  Emerfon’s  Mechanics,  prop. 

20,  25. 

Compound  fteclyard 

An  apparatus  for  experiments  on  colhfion 
Ditto  for  illuftrating  the  compolitionand  refolution 
of  motion 

Pyrometers  on  various  conftru&ions 

With  many  other  articles  and  models  for  expe¬ 
riments  on  friftion,  pendulums,  &c.  too 
numerous  to  be  comprized  in  a  fmall  catalogue 
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Inftruments  for  Experiments  in  Hydroftatics 
and  Hydraulics. 


Hydroflatic  ballances.  from  2I.  2s.  to  — .  to  10  o 

Nicholfon’s  improved  hydrometers,  for  afeertaining 
the  Ipecific  gravity  of'bodies 
•Ditto  for  examining  of  coin 

Aconcde  apparatus  for  experiments  on  hydroflatics  2t  too 
An  apparatus  for  fhewing  that  fluids  have  weight 
Uitto  for  (hewing  that  the  particles  of  fluids  cxer- 
cife  their  preflfure  independently  one  of  the  other 
|tto  to  fhew  that  fluids  prels  in  every  dire&ion 
JJuto  to  demonftrate  the  lateral  preflure  of  fluids 
itto  to  (hew  that,  ceteris  paribus,  the  preflure  of  fluids  is  as 
their  perpendicular  height 
The  hydroflatic  paradox 
the  hydroflatic  bellows 

pparatus  for  iiluftrating  the  laws  of  preflure  and  equilibrium 
between  heterogeneous  fluids 

.dtoftfatmg  the  a&ion  of  fluids  upon  bodies  im- 
merfed  in  them  r 

n  apparatus  for  experiments  on  fpouting  fluids 
y  tometers  for  proving  fpirits,  from  jl,  1  is.  fid.  to  4  14  6 

Tu  aPParatus  for  making  experiments  on  capillary  tubes 
he  model  of  the  diving  bell 
g|afs  model  of  the  lifting  pump 
Tp  the  lifting  and  forcing  pump 

y«to°doubi"l,in  in  coPPeriaPanned 
fountain  of  command 

japanned  copper  fountain  to  aft  by  condcnfed  air  with  a 
variety  of  jets 

Pparatus  for  experiments  on  fyphons. 
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